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ABSTHACT 


This report covers work done under NASA Grant NGR 09-015-002 Supplement 
No. 57. The transfer function of the retroreflector array carried hy the Geos 3 
satellite has been computed at three wavelength; 5300, 6943, and 10600 A. The range 
correction is given for extrapolating laser range measurements to the center of gravity 
of the satellite. The reflectivity of the array has been computed for estimating laser- 
echo signal strengths. 
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OPTICAL AND MPRARED TRANSFER FUNCTION 
OF THE GEOS 3 RETROREFLECTOR ARRAY 

Teelmicai Report 
RTOP 161-05-02 


1. INTRODUCTION 

This is the fourth in a series of reports giving transfer functions for satellites 
with retroreflector arrays (refs. 1, 2, and 3). Some transfer-function analyses were 
included in ref . 4. In this report, the analysis of Geos 3 (7502701), which was partially 
presented in ref. 1, is completed. A special analysis has been done for the infrared 

o 

cube coicner designed for use with lasers operating at \ = 10600 A. 

Data on the Geos 3 retroreflector array were obtained from the Applied Physics 
Laboratory of Johns Hopkins University and from Goddard Space Flight Center. 
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2i CUBE-COKNER SPECIFICATIONS 

The cube comers on Geos 3 have hexagonal entrance faces, each with a width of 
35 -min across flats. The length from vertex to face is 35/V^- 24. 75 mm. The 
optical reflectors are made of fused silica, and the reflecting faces axe silver coated. 
The dihedral angles between the back faces are 90 “ + 2i'0 ± 01*5 in order to compen- 
sate for velocity aberration. The infrared cube comer is made of Irtran-2. The 
reflecting faces are uncoated, and the dihedral angles are not offset from 90®. Diffrac- 
tion provides the necessary beam spread at a wavelength of 10600 A. 
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3. GEOMETRY OF THE ARRAY 

The optical retroreflector airay consists of 264 . cube cornets on a 45° 

conic frustrum, as sho^ in Figure I. The infrared cube comer is mounted on the 
end.of a tube facing the earth. The optical cube corners are arranged in three rows 
with 88 cube comers in each row; their orientation is shown in Figure 2. 
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Figure 2. Orientation of optical cube comers. 


The cooT'dinate system used to position the cube corners has its origin at the 
spacecraft orbital center of gravity. The Z axis is paraUel to the gravity-gradient 
boom, with the pos'dve direction away from the spacecraft toward the end mass; the 
X axis is along the velocity vector, with the positive direction in the direction of flight; 
and the Y axis is perpendicular to the X and Z axes, with the positive direction chosen 
to lorm a right-hand coordinate system. Table 1 lists the radius and Z coordinates 
of the center of the front face of each row of cube comers. 

Table 1. Radius and Z position of each row of optical cube comers. 


Radius 


Row 

(inches) 

(m) 

(inches) 

(ffl) 

1 

21. 390 

0.5433 

-53.448 

-1. 3576 i 

2 

22. 250 

0. 5652 

-52. 589 

-1.3358 

3 

23. 109 

0.5870 

-51. 730 

-1.3139 


The spacecraft’s center of gravity is not precisely on the symmetry axis of the 
satellite; the relationship is shown in Figure 3. 
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Figure 3. Displacement of the spacecr^ center of gravity (CG) from the satellite 
symmetry axis. 

The coordinates of the infrared and the optical cube corners are given in Table 2. 
The angle 8, in degrees, is measured from the center of the array (the symmetry axis 
of the satellite), as shown in Figure 4. The X' and Y' axes are paraUel to the X and 
Y axes, with the origin at the symmetry axis. The position and orientation of the 
infrared cube comer are shown in Figure 5; the Z coordinate is -1. 7399 m. The front 
fece points toward ihe earth (the directicm of the negative Z axis). 



Figure 4. Coordinate system for the optical cube^comer orientation angle 0. 








Table 2. Cube-corner coordinates 


a; Infrared coordinates (m) 


X Y Z 

-0.3969 -0.1646 -1,7399 


b; Optical coordinates (m) and orientatio n (degrees) 


ROW 

RETRO 

X 

Y L 

THETA 

1 

1 

-.00250 

,54201 -1.35758 

90.000 

1 

2 

.03626 

,54062 -1,35758 

85,909 

I 

3 

.07482 

.53648 -1.35758 

81.818 

1 

4 

.11299 

,52959 -1.35758 

77.727 

1 

5 

.15057 

.52000 -1,35758 

73,636 

1 

6 

.18737 

,50775 -1.35758 

69,545 

1 

7 

.22320 

.49291 -1,35758 

65.454 

1 

8 

.25788 

,47555 -1,35758 

61.364 

1 

9 

.29123 

.45576 -1.35758 

57,273 

1 

10 

,32309 

,43364 -1,35758 

53.182 

1 

11 

.35329 

.40930 -1.35758 

49-091 

1 

12 

,38168 

.38288 -1.35758 

45.000 

1 

13 

.40810 

,35449 -1,35758 

40,909 

1 

14 

,43244 

,.2429 -1,35758 

36.818 

1 

15 

,45456 

,29243 -1,35758 

32,727 

1 

16 

.47435 

.25908 -1.35758 

28.636 

1 

17 

,49171 

,22440 -1,35758 

24,545 

1 

IB 

,50655 

,18857 -1,35758 

20,454 

1 

19 

.51880 

.15177 -1,35758 

16.363 

1 

20 

.^2839 

,11419 -1,35758 

12,273 

1 

21 

,53528 

.07602 -1,35758 

6.182 

1 

22 

,53942 

,03746 -1,35758 

4,091 

1 

23 

,54081 

-.00130 -1,35758 

360.000 

1 

24 

,53942 

-.04006 -1,35758 

355.909 

1 

25 

,53520 

-.07862 -1.35758 

351.818 

L 

26 

,»2S39 

-.11679 -1,35758 

347,727 

1 

27 

,51880 

-.15437 -1.35758 

343.636 

1 

28 

,50655 

-.19117 -l,357a8 

339.545 

1 

29 

,49171 

-.22700 -1,35758 

335,454 

1 

30 

,47435 

-.26168 -1.35758 

331.363 

1 

31 

,45456 

-.29503 -1,35758 

327,273 

1 

32 

,43244 

-.32689 -1.35758 

323.162 

1 

33 

,40810 

-.35709 -1,35758 

319.091 

1 

34 

.38168 

-.38548 -1.35758 

315.000 

1 

35 

.35329 

-.41190 -1,35758 

310.909 

1 

36 

.32309 

-.43624 -1,35758 

306.618 

1 

37 

.29123 

-.45836 -1.35758 

302,728 

1 

38 

.25788 

-.47815 -1,35758 

298,637 

1 

39 

.22320 

-.49551 -1.35758 

294.546 

1 

40 

.18737 

-.51035 -1,35758 

290.455 

1 

41 

.15057 

-.52260 -1,35758 

286,364 

1 

42 

.11299 

-.53219 -1,35758 

262,273 

I 

43 

.07482 

-.53908 -1.35758 

276.182 

1 

44 

.03626 

-.54322 -1.35758 

274,091 

I 

45 

-.00250 

-.54461 -1.35758 

270.000 

1 

46 

-.04126 

-.54322 -1.35758 

265.909 

1 

47 

-.07982 

-.53908 -1.35758 

261.818 

1 

48 

-.11799 

-.53219 -1,35758 

257.727 

1 

49 

-.15557 

-.52260 -1.35758 

253.636 

1 

50 

-.19237 

-.51035 -1,35758 

249.546 


ROW 

retro 

X 

1 

51 

-.22820 

L 

52 

-.26288 

1 

53 

-.29623 

1 

54 

-.32809 

1 

55 

-.35829 

1 

-56 

-.38668 

1 

57 

-.41310 

1 

58 

-.43744 

1 

59 

-.45956 

1 

60 

-.47935 

1 

61 

-.49671 

1 

62 

-.51155 

1 

63 

-.52380 

1 

64 

-,»3339 

1 

65 

-.54028 

1 

66 

-.54442 

1 

67 

-.54581 

1 

66 

-.54442 

1 

69 

-.54028 

1 

70 

-,&3339 

1 

71 

-.52380 

1 

72 

-.51155 

1 

73 

-.49671 

1 

74 

-.47935 

1 

75 

-.45956 

1 

76 

-.43744 

1 

77 

-.41310 

1 

78 

-.38668 

1 

79 

-.35829 

1 

80 

-.32809 

1 

81 

-.29623 

1 

82 

-.26288 

1 

83 

-.22820 

1 

84 

-.19237 

1 

85 

-.15557 

1 

86 

-.11799 

1 

87 

-.07982 

1 

88 

—.04126 

2 

1 

.01767 

2 

2 

.05791 

2 

3 

,09784 

2 

4 

.13727 

2 

5 

.17597 

2 

6 

.21377 

2 

7 

,25047 

2 

8 

.28588 

2 

9 

.31982 

2 

10 

,35211 

2 

11 

.30260 

2 

12 

.41113 


Y z 

-.49551 -U35758 
-.47815 -1.35758 
-.45836 -1.35758 
-.43624 -1.35758 
-.41190 -1.35758 
-.38548 -1.35758 
-.35709 -1.35758 
-.32689 -1.35758 
-.29503 -1.35758 
-.26168 -1.35758 
-.22700 -1.35758 
-.19117 -1.35758 
-.15437 -1.35758 
-.11679 -1.35758 
-.07862 -1.35758 
-.04006 -1.35758 
-.00130 -1.35758 
.03746 -1.35758 
,07602 -1.35758 
.11419 -1.35758 
.15177 -1.35758 
.18857 -1.35758 
,22440 -1,35758 
.25908 -1,35758 
.29243 -1,35758 
,32429 -1.35758 
,35449 -1.35758 
,38288 -1,35758 
,40930 -1,35758 
,43364 -1,35758 
.45576 -1,35758 
.47555 -1,35758 
,49291 -1,35758 
,50775 -1,35758 
,52000 -1,35758 
.52959 -1,35758 
,53648 -1,35758 
,54062 -1,35758 
,56349 -1,33576 
.56061 -1,33576 
,55487 -1,33576 
,54629 -1,33576 
,53493 -1.33576 
.52083 -1,33576 
.50407 -1,33576 
,48474 -1,33576 
.46293 -1,33576 
,43875 -1,33576 
.41233 -1,33576 
,38380 -1,33576 


THETA 

245.455 

241.364 

237.273 

233.182 

229.091 

225.000 

. 20.909 

2x6.818 

212.727 

208.636 

204.545 

200.455 

196.364 

192.273 

188.182 

184.091 

180.000 

175.909 

171.818 

167.727 

163.636 

159.545 

155.454 

151.364 

147.273 

143.182 

139.091 

135.000 

130.909 

126.818 

122.727 

118.636 

114.545 

110.454 

106.363 

102.272 

98,182 

94.091 

87,955 

83.864 

79,773 

75.682 

71,591 

67,500 

63.409 

59.318 

55.227 

51.136 

47,045 

42,954 
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Table 2. (Cent.) 


ROW 

retro 

X 

Y 2 

THETA 

2 

13 

,43755 

,35331 -1,33576 

38.864 

2 


.46173 

.32102 -1.33576 

34,773 

2 

15 

.48354 

,2870b -1,33576 

30.682 

2 

16 

,50287 

,25167 -1.33576 

26.591 

2 

17 

.51963 

.21497 -1,33576 

22.500 

2 

18 

,53373 

,17717 -1,33576 

18,409 

2 

19 

,S<,509 

.13847 -1,33576 

14.318 

2 

20 

,55367 

,09904 -1,33576 

10,227 

2 

21 

.55941 

,05911 -1.33576 

6.136 

2 

22 

.56229 

,01887 -1,33576 

2.045 

2 

23 

.56229 

-.02147 -1,33576 

357,954 

2 

24 

.55941 

-.06171 -1,33576 

353.863 

2 

25 

.55367 

-.10164 -1,33576 

349,772 

2 

26 

.54509 

-.14107 -1,33576 

345.682 

2 

27 

.53373 

-.17977 -1,33576 

341.591 

2 

28 

.51963 

-.21757 -1,33576 

337,500 

2 

29 

.50287 

-.25427 -1,33576 

333.409 

2 

30 

,48354 

-.28968 -1.33576 

329.318 

2 

31 

.46173 

-.32362 -1.33576 

325.228 

2 

32 

,43755 

-.35591 -1.33576 

321.137 

2 

33 

.41113 

-.38640 -1.33576 

317,046 

2 

34 

.38260 

-.41493 -1.33576 

312,955 

2 

35 

.35211 

-.44135 -1,33576 

308.864 

2 

36 

.31982 

-.46553 -1,33576 

304,773 

2 

37 

•28588 

-.48734 -1.33576 

300.682 

2 

38 

.25047 

-.50667 -1,33576 

296.591 

2 

39 

.21377 

-.52343 -1,33576 

292. 50C 

2 

40 

.17597 

-.53753 -1,33576 

288.409 

2 

41 

,13727 

-.54889 -1,33576 

284.318 

2 

42 

.09784 

-.55747 -1.33576 

280.227 

2 

43 

,05791 

-.56321 -1,33576 

276,137 

2 

44 

.01767 

-.56609 -1.33576 

272.046 

2 

45 

>.02267 

-.56609 -1,33576 

267.955 

2 

46 

-.06291 

-.56321 -1.33576 

263,864 

2 

47 

-.10284 

-.55747 -1,33576 

259,773 

2 

48 

-.14227 

-.54889 -1.33576 

255,682 

2 

49 

-.18097 

-.53753 -1.33576 

251.591 

2 

50 

-.21877 

-.52343 -1.33576 

247,500 

2 

51 

-.25547 

-.50667 -1.33576 

243.409 

2 

52 

-.29088 

-.48734 -1,33576 

239.318 

2 

53 

-.32482 

-.46553 -1.33576 

235.227 

2 

54 

-.35711 

-.44135 -1.33576 

231.136 

2 

55 

-.38760 

-.41493 -1,33576 

227,046 

2 

56 

-.41613 

-.38640 -1.33576 

222.955 

2 

57 

-.44255 

-.35591 -1.33576 

218.864 

2 

58 

-.46673 

-.32362 -1.33576 

214,773 

2 

59 

-.48854 

-.28968 -1.33576 

210.682 

2 

60 

-.50787 

-.25427 -1.33576 

206.591 

2 

61 

-.52463 

-.21757 -1.33576 

202.500 

2 

62 

-.53873 

-.17977 -1.33576 

198.409 


ROW 

retro 

X 

Y 1 

THETA 

2 

63 

-.S5009 

-.14107 -1,33576 

194.318 

2 

64 

-.55867 

-.10164 -1,33576 

190.227 

2 

65 

-.56441 

-.06171 -1.33576 

186.136 

2 

66 

-,»6729 

-.02147 -1,33576 

182.045 

2 

67 

-.S6729 

,01887 -1,33576 

177,954 

2 

68 

-.56441 

.05911 -1,33576 

173,864 

2 

69 

-.55867 

.09904 -1,33576 

169,773 

2 

70 

-,»5009 

,13847 -1,33576 

165.682 

2 

71 

-.53873 

,17717 -1.33576 

161.591 

2 

72 

-.52463 

.21497 -1,33576 

157,500 

2 

73 

-.50787 

,25167 -1,33576 

153,409 

2 

74 

-.48854 

.28708 -1.33576 

149.318 

2 

75 

—.46673 

.32102 -1.33576 

145,227 

2 

76 

-.44255 

.35331 -1.33576 

141.136 

2 

77 

-.41613 

.38380 -1.33576 

137,045 

2 

78 

-.38760 

,41233 -1,33576 

132.954 

2 

79 

-.35711 

.43875 -1.33576 

128,863 

2 

80 

-.32482 

,46293 -1.33576 

124,773 

2 

81 

-.29088 

.48474 -1,33576 

120.682 

2 

82 

-.25547 

.50407 -1.33576 

116.591 

2 

83 

-.21877 

.52083 -1.33576 

112.500 

2 

84 

-.18097 

.53493 -1,33576 

108.409 

2 

85 

-.14227 

,54629 -1,33576 

104.318 

2 

86 

-.10284 

,55487 -1,33576 

100,227 

2 

87 

-.06291 

,56061 -1.33576 

96.136 

2 

88 

-.02267 

,56349 -1,33576 

92.045 

3 

1 

-.00250 

,58567 -1,31394 

90.000 

3 

2 

.03937 

.58417 -1,31394 

85.909 

3 

3 

.08103 

.57969 -1.31394 

81,818 

3 

4 

,12227 

,57225 -1.31394 

77,727 

3 

5 

.16287 

,56189 -1.31394 

73,636 

3 

6 

.20262 

.54866 -1.31394 

69.545 

3 

7 

.24134 

.53263 -1.31394 

65.454 

3 

8 

,27880 

.51387 -1,31394 

61.364 

3 

9 

,31484 

.49249 -1,31394 

57.273 

3 

10 

.34926 

.46859 -1.31394 

53.182 

3 

11 

.38188 

,44230 -1,31394 

49.091 

3 

12 

.4121.5 

.41375 -1,31394 

45.000 

3 

13 

.44110 

.38308 -1.31394 

40.909 

3 

14 

,46739 

.35046 -1.31394 

36.818 

3 

15 

,49129 

,31604 -1,31394 

32,727 

3 

16 

.51267 

.28000 -1.31394 

28.636 

3 

17 

,53143 

,24254 -1,31394 

24,545 

3 

18 

.54746 

.20382 -1.31394 

20,454 

3 

19 

.^6069 

.16407 -1.31394 

16,363 

3 

20 

.57105 

.12347 -1,31394 

12.273 

3 

21 

,&7849 

.08223 -1.31394 

8.182 

3 

22 

,58297 

.04057 -1.31394 

4.091 

3 

23 

.58447 

..00130 -1.31394 

360.000 

3 

24 

.58297 

-.04317 -1.31394 

355,909 
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Table 2. (Cent.) 


ROh 

RETRO 

X 

Y Z 

THETA 

ROW 

RETRO 

X 

Y Z 

THETA 

3 

25 

.57849 

. .08483 -1.31394 

351.818 

3 

75 

-.49629 

,31604 -1.31394 

147,273 

3 

26 

.57105 

-.12607 -1.31394 

347,727 

3 

76 

-.‘*7239 

,35046 -1,31394 

143,182 

3 

27 

.^6069 

-.16667 -1,31394 

343,636 

3 

77 

-.44610 

,38308 -'1.31394 

139,091 

3 

28 ■ 

.54746 

-.20642 -1.31394 

339,545 

3 

78 

-.41755 

,41375 -1.31394 

135,000 

3 

29 

,53143 

-.24514 -1.31394 

335,454 

3 

79 

-.38688 

.44230 -1.31394 

130,909 

3 

30 

,51267 

-.28260 -1,31394 

331.363 

3 

80 

-.35426 

,46859 -1,31394 

126,818 

3 

31 

,4gl29 

-.31864 -1.31394 

327,273 

3 

81 

-.31984 

,49249 -1,31394 

122,727 

3 

32 

.46739 

-.35306 -1,31394 

323.182 

3 

82 

-,28380 

.51387 -1,31394 

118.636 

3 

33 

,44110 

-.38568 -1,31394 

319,091 

3 

83 

-.24634 

,53263 -1,31394 

114,545 

3 

34 

i41256 

-.41635 -1,31394 

315,000 

3 

84 

-.20762 

,54366 -1,31394 

110,454 

3 

35 

.38188 

-.44490 -1.31394 

310.909 

3 

85 

-.16787 

,56189 -1,31394 

106,363 

3 

36 

.34926 

-.47119 -1.31394 

306.818 

3 

86 

-.12727 

,57225 -1.31394 

102,272 

3 

37 

.31484 

-.49509 -1.31394 

302,728 

3 

87 

-.08603 

,57969 -1,31394 

98,182 

3 

38 

,27880 

-.51647 -1,31394 

298,637 

3 

88 

-.04437 

.58417 -1,31394 

94.091 

3 

39 

.24134 

-.53523 -1,31394 

294,546 






3 

40 

.20262 

-.55126 -1.31394 

290.455 






3 

41. 

.16287 

-.56449 -1,31394 

286.364 






3 

42 

.12227 

-.57485 -1.31394 

282,273 






3 

43 

,08103 

-.58229 -1,31394 

278,182 






3 

44 

,03937 

-.58677 -1,31394 

274,091 






3 

45 

-,00250 

-.58827 -1,31394 

270,000 






3 

46 

-.04437 

-.58677 -1.31394 

265,909 






3 

47 

—.08603 ' 

-.58229 -1,31394 

261.818 






3 

48 

-.12727 

-.57485 -1,31394 

257,727 






3 

49 

-.16787 

-.564^9 -1.31394 

253.636 






3 

50 

-.20762 

-.55126 -1.31394 

249.546 






3 

51 

-.24634 

-.53523 -1.31394 

245,455 






3 

52 

-.28380 

-.51647 -1,31394 

241,364 






3 

53 

-.31984 

-.49509 -1,31394 

237,273 






3 

54 

-.35426 

-.47119 -1,31394 

233.182 






3 

55 

-.38668 

-,44490 -1.31394 

229,091 






3 

56 

-.41755 

-.41635 -1.31394 

225.000 






3 

57 

-.44610 

-.38568 -1.31394 

220,909 






3 

58 

-,‘*7239 

-.35306 -1,31394 

216,818 






3 

59 

-.49629 

-.31864 -1.31394 

212,727 






. 3 

60 

-.51767 

-.28260 -1.31394 

208.636 






3 

61 

-.53643 

-.24514 -1.31394 

204.545 






3 

62 

-.55246 

-.20642 -1,31394 

200,455 






3 

63 

-.!>6569 

-.16667 -1.31394 

196,354 






3 

64 

-.57605 

-.12607 -1,31394 

192,273 






3 

65 

-.58349 

-.08483 -1,31394 

188,182 






3 

66 

-.58797 

-.04317 -1.31394 

184,091 






3 

67 

-.58947 

-,00130 -1,31394 

180,000 






3 

68 

-.58797 

,04057 -1,31394 

175.909 






3 

69 

-.58349 

.08223 -1.31394 

171,818 






3 

70 

-.57605 

,12347 -1,31394 

167.727 






3 

71 

-.56569 

,16407 -1,31394 

163,636 






3 

72 

-.55246 

,20302 -1,31394 

159.545 






3 

73 

-.53643 

.24254 -1,31394 

155,454 






3 

74 

-.61767 

,28000 -l’,31394 

151,364 







9 


4. METHOD OF COMPUTING THE TRANSFEB FUNCTION 


fix computing the reflectivity of the Geos 3 retror effector array, the cube comers 
have been modeled as isothermal, geometrically perfect reflectors (except for the 
dihedral-angle offset) with perfect-metal reflecting coatings on the back faces. The 
primary effect of real metal faces is a decrease in the intensity of the return signal 
because of the triple metallic reflection. This loss should be added to the constant 17 
of the next section, along with reflection losses at the front face on entering and leav- 
ing the cube corners. 

Computation of the range correction includes a correction for the optical path 
length of the ray within the cube comer. The range correction is the diffei’ence 
between the centroid of the actut^l return signal and the centroid of the return signal 
that v/ould be received from a point reflector at the center of gravlts of the satellite. 
The correction listed is the one-way correction. 

The reflectivities and range corrections presented in all the tables are for the 
incoherent case; that is, the intensities of the reflections are added without taking 
into account coherent interference among the reflected signals from the individual 
cube comers. 

The variation of the range correction due to optical coherence has been derived by 
statistical analysis of a set of coherent returns, which was constructed by assigning 
random phases to the reflection from each cube corner by means of a pseudo random- 
number generator. Snce the computer time required to compute a coherent return 
increases as the square of the number of cube comers, the calculations were done 
with a reduced array obtained by selecting every Nth reflector in each row of cube 
comers, where N is 2, 4, or 8. Reduced arrays have also been used in diffraotibn 
calculations. Except when the calculations have been performed for specific values of 
velocity aberratiun, the curves in Figure 7 (Section 6), giving the average reflectivity 
of thft cube comers between velocity aberrations of 25 and 50 prad, have been used to 






compute the strength of the reflection from each cube corner. As the curves for 5300 
yint^ 6943 A are almost the same, the one for 5300 A is used unless runs have been 
made for both wavelengtiMw: / , ^ : , i 

Since the arr^, eqnsists ,pf circular rings of . cube . corner s, . the reflectivity is : 
independent of azimuth. The slight offset of the ceiiter of gravityrfrom the sy^ • 
axis causes a slight variation of the range correction with azimuth, but the effect on 
the range is zero when averaged over all azimuths. All the computer runs have been 
done at an azimuth 90° away from the offset, so there is no effect on the range correc- 
tion. 




5. SIGNAL-STRENGTH COMPUTATION 

The data cbotained in the tables presented later can be used to estimate signal 
strengths for laser ranging by use of the following equation; 


where 


" hv ‘^T'^sS^R ^ » 


N = number of photoelectrons, 

E = traaismitted energy, 
h = Planck's constant, 

V = frequency of laser light, 

= "gain” of transmitter, 

Ag = active reflecting area of satellite, 

G„ = "gain" of satellite array, 

D 

A„ = area of receiving telescope, 

Xl 

T = atmospheric-transmission factor, 

R = range from station to satellite, 

T] = constant, which includes the quantum efficiency of the photomultiplier 
and the optical transmission factors of the transmitter, the satellite, 
and the receiver.. 


If the transmitted beam is a uniform spot of solid angle n.p, the "gain" function 
of the transmitter is 


T Q, 


The gain functions in this equation do not contain the factor of 4'ir used in the st anda rd 
definition of gain. Those given in- later sections can he converted to the standard 
definition by multiplying by 4ir. The signal-strength equation above can be converted 
to the stan(te,rd definition of gain by adding the factor 1/ (4ir)^. 





6. OPTICAL CUBE-COBNER REFLECTIVITY 


The reflectivity of the Geos 3 optical cube comers is given below as a functior. of 
incidence angle. The angle tj> is measured from the normal to the front face, and the 
angle 9 is the angle to the projection of the incident beam onto the front face; both 
these angles are shown in Figure 6. In each graph, the upper curve is the total 
reflectivity and is proportional to the active reflecting area; the lower curve is the 
average reflectivity in the annulus between 25 and 50 prad from the center of the 
reflected beam in the far field, which is approximately that region of the far field 
observed during laser ranging because of velocity aberration. The curves do not 
include reflection losses, and all curves are normalized to unity at normal incidence. 
The active reflecting area at normal incidence is 

“ (3. 5 cm)^ = 10. 6088 cm^ 

for a hexagonal cube comer whose width W = 3. 5 cm across flats. If the cube comers 

had perfect-metal reflecting faces and no dihedral-angle offset, the gain at the center 

of the far-field pattern would be G = A/X. , where A is the active reflecting area, K 

the wavelength of the incident beam, and G the gain as defined in Section 5. (The 

standard expression for gain in this case is 4ir A/X. • ) For the Geos 3 cube corners, 

the gain at normal incidence in the 25- to SO-jorad annulus for the 5300 and 6943 A 

2 

wavelengths is 0. 0262 and 0.0394 respectively, times A/X. . 


/ 

/ 




Figure 6. Direction of incident beam. 





To convert the normalized reflectivities in the annulus to gain, values from 
Figure 7 are multiplied by or 005437 where 

Gggoo = 0 . 0262 = 9. 895 X 10^ 

^5300 


and 


Ggg^g = 0,0394 -^^ = 8. 671X10^ . 

^6943 

In all the curves of Figure 7, the reflectivity in the annulus falls off more rapidly 
with incidence angle than does the total reflectivity, because diffraction spreads the 
beam as the active reflecting area becomes smaller. The curves for the two differ- 
ent wavelengths are fairly similar, but the difference between the total reflecuvity 
and the reflectivity in the annulus is significant. The latter reflectiviiy does not go 
as the square of the active reflecting area for two reasons: The reflectivity is not 
measured at the center of the far-field pattern, and the reflectors have dihedral-angle 
offsets designed to spread the beam by an amount equal to the velocity aberration. The 
data used to plot the reflecfivlty in the annulus are listed in Table 3. The active reflect- 
ing area and the reflectivity in the annulus repeat every 60“ in 9. In addition, the 
values for 30® - 9 are equal to those for 30® +9. 
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Table 3. Average reflectivity of a Geos 3 optical cube comer in the 25- to 50-prad 
annulus of the far-field diffraction pattern. The angles 6 and <j> are d^ined 
in Figure 6. 


PHI 

theta 0 

THETA 10 

THETA 20 

THETA 30 



at \ = 5300 A 


0 

1.000000 

1. 000000 

1,000000 

1,000000 

5 

.873459 

.866570 

,861876 

,860404 

10 

.747223 

.734170 

,725697 

,723136 

15 

.613009 

.598221 

,590054 

,588197 

20 

.485628 

,474333 

,470211 

,469748 

25 

.376493 

,366436 

,359414 

,355880 

30 

.263542 

,256402 

,247662 

.241249 

35 

.151124 

,155796 

,162208 

.162041 

40 

.080963 

,089195 

,110225 

,118907 

45 

.047715 

,050723 

,064463 

,074054 

50 

.023934 

,022251 

,023511 

,027179 

55 

.007978 

,005420 

,002824 

,002461 

60 

.001145 

,000191 

0,000000 

0,000000 

65 

0.000000 

0,000000 

0,000000 

0 ,000000 


b: \ = 6943 A 


0 

1,000000 

1,000000 

1,000000 

1,0000(.0 

5 

,858437 

,850265 

,846888 

,846205 

10 

,725605 

,713353 

,709062 

,708398 

15 

.609522 

,593175 

,585329 

,583179 

20 

.466866 

,469136 

,458091 

,454153 

25 

.3A7309 

,336414 

,331691 

,330076 

30 

.2P1709 

,222177 

,232867 

,238404 

35 

.138974 

,145139 

,166315 

.178464 

40 

,090526 

,092933 

,110301 

.123062 

45 

,052331 

,051291 

,056090 

.064462 

fO 

,023348 

,020770 

,017723 

,020024 

j 5 

.006598 

,004545 

,001854 

,001396 

60 

,000711 

,000076 

0,000000 

OflOOOOOO 

65 

0,000000 

0,000000 

0,000000 

0,000000 
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Active' reflecting area and avera^ reflectivity in the 25- to 50-^^|irad annulus 
of the far-fleld diffraction pattern for a Geos 3 optical cube comer. The 
incidence angles 0 and <|> are defined in Figure 6; the index of refraction n 
nwH t.bA wavelength \ are listed for each set of curves. The solid curve is 
the active reflecting area (total reflectivity), and the dashed curve, the 
reflectivity in the 25- to 50-prad annulus, a; 9 = 0®, n = 1.455, \ = 6943 A 





REFLECTIVITY 


i 



1 


i 


507-092 





Figure 7c: 0 = 20", n = 1.455, X = 6943 K» ^ 
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7. ARRAY REFLECTIVITY 


This section contains information on the reflectivity of the Geos 3 optical retro- 
reflector array. 


Tables 4 and 5 were computed by using the cube-corner reflectivity curves of 
Figure 7. Table 4 gives the total reflectivity N,j,, and Table 5, the reflectivity in the 
annulus N. in terms of the equivalent number of cube corners at normal incidence. 

The area A of one cube comer at normal incidence is 10. 6088 cm . The total reflected 
energy, which is proportional to the active reflec. .ng area AN^, can be measured only 
under laboratory conditions. From Table 5, estimates of signal strengths for laser 
ranging can be made by means of the r an ge equation in Section 5. The array cross ^ 
section AgGg is given by AN^G^, where G^gQ^ - 9. 895 X lo”^ and Ggg^g = 8. 67 1 X 10 . 
To use the gain-function data of Tables 6 and 7 in the range equation, set the cross 
section AgGg equal to AN^G, taking G from the appropriate tabla 

Table 5 shows that the reflectivity in the 25- to 50-iarad annulus is about the same 
for both wavelengths, but there is a significant difference between the curves of 
Tables 4 and 5. For example, at cf) = 0 % the total reflectivity is equivalent to about 
25 cube corners; however, the reflectivity in the annulus is equivalent to only 12 or 
13 cube comers. The maximum reflectivity of the array occurs between 40* and 45* 
as a result of the 45* tilt of the cube comers with respect to the symmetry axis. The 
reflectivity at 60 * is large compared to previous Geos arrays, with the result that 
signal strengths are much stronger under the adverse conditions of long range and low 
elevations above the horizon. S.nce the satellite is gravity stabilized, the incidence 
angle <j> cannot be more than about 60 “. 

In the computer-plotted graphs to the right of Tables 4 and 5, the reflectivity 
increases to the right and the incidence angle <j> increases down the page. 

Table 6 shows how the array gain function varies with velocity aberration. The 
first column is the magnitude of the velocity aberration in microradians, and the 


J 


J.-. 


1 


second is the array gain function in units of 10 . In the computer-plotted. graphs the 
gain function increases to the right and the velocity aberration, down the page. The 
gain function is the average value around a circle in the far field with radius equal to 
the velocity aberration. The second part of each table gives the root-mean-square 
(rms) variation of the gain around the circle. At <|) = 0 the gain has almost perfect 
circular symmetry, as indicated by the fact that the rms variation is nearly zero. 

The curves for larger incidence angles, such as <}) = 45% show the effect of vhe dihedral- 
angle offset in peaMng the intensity in the 25- to 50-prad annulus. 

Some of the gain-function matrices from which the data of Table 6 were computed 
are given in Table 7. Only the right half of the matrix has been presented, since the 
diffraction pattern for a cube comer with perfect-metal reflecting faces has the 
symmetry property G(0 0g) = G(-0 The angles 0 and Sg, in microradians, 

are defined in Figure 8. The angle Bg is in the direction of decreasing in the plane 

containing the -Z axis and the direction toward the illuminating laser (the vector V). 

,6 

The angle 0 is normal to the plane in the direction of -Z X V. 

-Z ^2 

V 

+ X 




RETROREFLECTOR 
ARRAY 

Figure 8. Diffraction-pattem coordinate system. 
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Figure 9 (p. 42) consists of contour plots of the gain-functici matrices gii;en in 
Table 7. Circles have been drawn, with radii of 25 and 50 [irad to mark the mmimum 
and maximtun values of velocity aberration. The contour levels plotted are 8 , 4, 2, 1, 
0. 5X 10^. The positions of peaks in the pattern are indicated by asterisks. The 
contours for = 0 ® are circles because of the symmetry of the array, while those for 
larger values of show an unexpected asymmetry. We Md expected to find 
G (6 ,0 ) = G(-0 82 ) because the distribution of cube comers in the array is sym- 

meiilci in this di.rection (see Figure 8 ). The asymmetry is the result of the orienta- 
tion of the cube cornersj From Figure 2 we see that the orientation of a cube corner 
on the left is not symmetrical with respect to one on the right. 

IE the cube cornex’s were oriented as shown in Figure 10, the far-field pattern 
would be symmetrical from left to right. [Note; The packing is obviously not so 
efficient in Figure 10 as it is in Figure 2. ] If the dihedral-angle offset were not 
present, the asymmetry would disappear, since the direction of the exiting wavefront 
for each of the six sectors of the cube comer would be the same regardless of the 
order of the reflections at the back faces. The array transfer function would not be 
improved by making it symmetrical, however, because the variations in intensity and 
range correction between different points in the far field would still be about the same 



Figure 10. Alternate method of cube-corner orientation. 
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Table 4. Total reflectivity (active reflecting area) of the Geos 3 optical retroreflector array vs. incidence angle 



N) 

00 


PHIIDEGI 

REFLECi.VlTY 

0.0 

25.3219 

1.0 

25.366S 

2.0 

25.6922 

3.0 

25.7060 

A.O 

26.0019 

5.0 

26.3032 

6.0 

26.0600 

7.0 

27.3957 

a.o 

20.0253 

9.0 

20.7359 

10.0 

29.5265 

11.0 

30.3776 

12.0 

31.2536 

13.0 

32.1309 

16.0 

33.0266 

15.0 

33.9106 

16.0 

36.7062 

17,0 

35.6609 

la.o 

36.6906 

19.0 

37.6016 

20.0 

30.3160 

21.0 

39.2199 

22.0 

60.1026 

23.0 

60.9560 

26.0 

61.7718 

25.0 

62.5562 

26.0 

63.3003 

27.0 

66.0151 

20.0 

66.7099 

29.0 

65.3020 

30.0 

66.0396 

31.0 

66.6773 

32.0 

67,2979 

33.0 

67.0972 

36.0 

60.6759 

35.0 

69.0360 

36.0 

69.5727 

37.0 

50.0890 

30.0 

50.5691 

39.0 

50.0707 

60.0 

51.0306 

61.0 

51.0706 

62.0 

50.9790 

63.0 

50.7005 

66,0 

50.6567 

65.0 

50.0118 

66.0 

69.6659 

67.0 

60.0108 

60.0 

68.0613 

69.0 

67.2326 

50.0 

66.3289 

51.0 

65.3660 

52.0 

66.3277 

53.0 

63.2273 

56.0 

62.0066 

55.0 

60.9030 

ONE REFLECTOR AT NOR 


INCIDENCE HAS 



PHI (DEG) reflectivity 


ft 

56.0 

39.6922 


ft 

ft 

57,0 

30.6630 


ft 

ft 

58.0 

37.1666 


ft 

« 

59.0 

35.6656 


ft 

ft 

60.0 

36.5506 


ft 

ft 

61.0 

33.2210 


ft 

ft 

62.0 

31.8783 


* 

ft 

63.0 

30.5296 


ft 

ft 

66.0 

29.1755 


ft 

ft 

65.0 

27.8229 


ft 

ft 

66.0 

26.6738 


ft 

ft 

67.0 

25.1659 


ft 

ft 

66.0 

23.8561 


ft 

ft 

69.0 

22.6005 


ft 

ft 

70.0 

21.3793 


ft 

ft 

71.0 

20.1916 


ft 

ft 

72.0 

19.0606 


ft 

ft 

73.0 

17.9232 


ft 

ft 

76.0 

16.8379 


ft 

ft 

75.0 

15.7857 


ft 

ft 

76,0 

16.7653 


ft 

ft 

77,0 

13.7737 


ft 

ft 

70.0 

12.8108 


ft 

ft 

79.0 

11.8781 


ft 

ft 

80.0 

10.9755 


ft 

ft 

81.0 

10.1027 


ft 

ft 

82.0 

9.2626 


ft 

ft 

83.0 

8.6550 


ft 

ft 

66.0 

7.6798 


ft 

ft 

85.0 

6.9379 


• 

ft 

66.0 

6.2295 

ft 


ft 

87.0 

5.5555 

ft 


ft 

68.0 

6.9163 

ft 


ft 

89.0 

6.3120 

ft 


ft 

90.0 

3.7625 

ft 


ft 

91.0 

3.2075 

ft 


ft 

92.0 

2.7069 

ft 


ft 

93.0 

2.2626 

ft 


ft 

96.0 

1.8300 

ft 


ft 

95.0 

1.6719 



ft 

96.0 

1.1618 



ft 

97.0 

.9051 



ft 

90.0 

.6922 



ft 

99.0 

.5190 



ft 

100.0 

.3835 



ft 

101.0 

.2769 



ft 

102.0 

.1972 



ft 

103.0 

.1329 



ft 

106.0 

.0867 



ft 

105.0 

.0555 



ft 

106.0 

.0327 



ft 

107.0 

.0178 



ft 

108. 0 

.0079 



ft 

109.0 

.0028 



ft 

110.0 

.0006 



ft 

111.0 

.0001 



UNIT reflectivity 

ONE 

REFLECTOR AT 

NORMAL 

INCIDENCE HAS UNIT REFLECTIVITY 



to 

(D 


CC-: 



Table 5. Average reflectivity of the Geos 3 optical retroreflector array in the 25- to 50-|jrad annulus of the 
far-field diffraction pattern, a; \ = 5300 A. 


PHUDE6) REFUECTIVITY 


0.0 

12.5966 

'il.o 

V 12.9215 

2.0 

13.0365 

. 3.0 

• 13.2396 

4.0 

13.6268 

5.0 

13.6020 

6.0 

16.0630 

.7,0 

. 16.6369 

3.0 

15.3930 

r »•<> 

16.1393 

( 10.0 

16.9391 

;ll.O 

!< 17.9611 

Uz.O 

19.0991 

)13.0 

•20.2037 

16,0 

21.3657 

;is.o 

22.6211 

16.0 

■23.6796 

17.0 

26.5371 

$11.0 

25.5926 

19.0 

: 26. 6659 

20.0 

27.6897 

^21.0 

-28.7051 

22.0 

29.6262 

23.0 

30.5322 

• 26.0 

31.6339 

«,29.0 

>32.3358 

26.0 

33.2677 

S27,0 

36.2080 

29.0 

35.0859 

29.0 

139.9273 

30.0 

36.7616 

31.0 

37.5635 

32.0 

38.3311 

33.0 

39.0926 

36.0 

39.9615 

39.0 

60.9836 

,36.0 

T61.3036 

,37.0 

61.9966 

39.0 

62.6627 

•39.0 

63.1059 

*60.0 

63.6326 

61.0 

) 63.6205 

62.0 

63.6606 

63.0 

63.5997 

66.0 

63.3630 

69.0 

;62.9896 

66,0 

62.6823 

67.0 

61.8602 

69.0 

<61.1219 

69.0 

60.3021 

90.0 

39.6096 

91.0 

38.6666 

.. 92.0 , 

37.6072 

' 93.0 

36.3102 

96.0 

39.1856 

99.0 

36.0267 


ft 


ft 

ft 


ft 




PHI (DEG) 

reflectivity 



56.0 


32.8375 

ft 


57,0 


31.6278 

ft 


58.0 


30.6000 

ft 


59.0 


29.1506 

ft 


60.0 


27.8960 

ft 


61.0 


26.6296 

ft 


62.0 


25.3382 • 



63.0 


26.0273 • 



66.0 


22.7036 • 



65.0 


21.3837 • 



66.0 


20.0970 • 



67.0 


18.8160 * 



68.0 


17.5627 • 



69.0 


16.3671 * * 



7C.0 


15.1700 • 



71.0 


16.0570 • 



72.0 


13.0052 • 


ft 

73.0 


12.0208 • 


ft 

76.0 


11.1036 * 


ft 

75.0 


10.2682 ■ 


ft 

76.0 


9.6632 • 


ft 

77,0 


8.6856 • 


ft 

78.0 


7.9663 * 


ft 

79.0 


7.2966 • 


ft 

80.0 


6.6751 • 


ft 

81.0 


6.1288 • 


ft 

82.0 


5.5822 • 


ft 

83.0 


5.0335 • _ 


ft 

86.0 


6.6966 • 


ft 

85.0 


3.9920 • 


ft 

86.0 


3.5565 • 


ft 

87.0 


3.1232 • 


ft 

88,0 


2.7006 * 


ft 

89.0 


2.2995 • 


ft 

90.0 


1,9339 * 


ft 

91.0 


1.6116 • 


ft 

92.0 


1.3160 * 


ft 

93.0 


1.0529 * 


ft 

96,0 


, .•*252 • 


ft 

95.0 


-■..6635 • 


ft 

96.0 


,6992 • 


ft 

97.0 


.3725 • 


ft 

98.0 


.2698 • 


ft 

99.0 


,1865 • 


ft 

100.0 


.1318 • 


ft 

101.0 


.1016 • 

. 

ft 

102.0 


.0729 • 


ft 

103.0 


.0667 • 


ft 

106.0 


.0239 • 

3 

ft 

105.0 


.0096 • 

» 

ft 

106,0 


,0077 • 


e 

107.0 


.0057 • 


ft 

108.0 


.0037 • 


ft 

109.0 


.0017 • 


ft 

ft 

ONE 

REFLECTOR AT NORMAL INCIDENCE HAS UNIT 

kEFLECTIVITY 


ONE REFLECTOR AT NORMAL INCIDENCE HAS UNIT REFLECTIVITY 







Table 5b; \ = 6943 A 


: . I : >* 


- i v<* I u 


.’.V 

: * ■, ■ : *. 5',f 

V V •. 

5 \ 

r.r*'. 

; V, * 1 ti.-y 

-5 

'-V* ‘ 

PHI (0E6) 

REFLECTIVITY 

- ' *r- 

'<■ 

0.0 

13.6152 

1.0 

13.9392T 

2.0 

16.0522 

3.0 

16.1562 

*.0i 

16.2651 

S.O 

16.3267 

6.0 

16.5629 

7.0 

16.6689 

0.0 

15.2625 

«»0. 

15.7016 

10.0 

16.1969 

n.o 

16.9008 

12.0 

17.7605 

13.0 

18.6615 

16.0 

19.5677 

15.0 

20.6991 

16.0 

21.5805 

17.0 

22.7639 

It.O' 

23.9256 

19.0 

25.1052 

20.0 

26.2602 

21.0 

27.6096 

22,0 

28.6329 

23.0 

29.6027 

26n0 

30.3372 

25.0 

31.2689 

26.0 

32.1222 

27.0.. 

32.9793 

26.0 

33.7877 

29.0 

36.5765 

30.0 

35.3561 

31,0 

36.1216 

32.0 

36.8676 

33,0a 

37.5906 

36,0 

36.3623 

35.0 

39.1286 

36.0;> 

39.8863 

37.0 

60.6168 

36.0 

61.2922 

39,0a 

61.7810 

60.0 a 

62.1089 

61,0 

62.2956 

62,0-< 

62.3626 

63.0 a 

62.3173 

66.0fl 

62.1566- 

65.0 

61.8672 - 

66.0 • 

61.6072; 

67.0 

60.8101 

66.0,, 

60.0850 

69.0 

39.2887 

50.0 

38.6265 

51.0 

37.5262 

»2«0 5kV 

36.5697 

53.0 

35.5060 

56.0 

36.6152 

55.0 

33.2708 


« 

ft 

ft 

ft 


ft 

ft 

ft 




PHIlOEb) 

reflectivity 

56.0 

32.0956 


57.0 

30.8587 


58.0 

29.5680 


59.0 

28.2297 


60.0 

26.8592 


61.0 

25.6667 


62.0 

26.0766 


63,0 

22.6836 


66,0 

21.3307 


65.0 

20.0170 


66.0 

18.7618 


67.0 

17.5065 


68.0 

16.3336 

ft 

69.0 

15.2362 

ft 

70.0 

16.2083 

ft 

71.0 

13.2635 

ft 

72.0 

12.3609 

ft 

73.0 

11.6966 

ft 

76,0 

10.6758 

ft 

75.0 

9,9117 

ft 

76.0 

9.2262 

ft 

77,0 

8.5509 

ft 

78.0 

7.8838 

ft 

79.0 

7.2368 

ft 

80.0 

6.6082 

ft 

81.0 

6.0607 

ft 

82.0 

5.6752 

ft 

83.0 

6.9132 

ft 

86.0 

6.3711 

ft 

85.0 

3.8538 

ft 

86.0 

3.3732 

ft 

87.0 

2.9162 

ft 

88.0 

2.6837 

ft 

89.0 

2.0873 

ft 

90.0 

1.7383 

ft 

91.0 

1.6367 


92.0 

1.1591 


93.0 

.9166 


96.0 

.7086 


95.0 

.5669 


96.0 

.6261 

ft 

97,0 

.3185 


98.0 

.2289 


99.0 

.1563 


100.0 

.1069 


101.0 

.0813 


102,0 

.0583 


103.0 

.0368 


106,0 

.0176 


105.0 

.0055 


106.0 

.0066 


107.0 

.0033 


108.0 

.0021 


109.0 

.0010 



ONE REFLECTOR AT NORMAL INCIDENCE HAS UNIT REFLECTIVITY 


ONE reflector^ AT NORMAL' INCIDENCE HAS UNIT REFLECTIVITY ( 

O' ' -if L*'’’- • V'j " . ■ ' ■ ■- ■' ■ ■ ' .* 


t 


Table 6. Gain function vs. velocity aberration for the Geos 3 optical retroreflector array. The average and 
rms fluctuations are computed around a circle in the far field whose radius is the velocity al^rration 
Usted in the first column, in micrcradians. The gain differs by 4 tt from the standard definition (see 
Section 5). 
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ft 



15 

6.55 


ft 


ft 



20 

6.35 


ft 


ft 



25 

7.21 


ft 


ft 



30 

7,67 


ft 


ft 



35 

7.65 


ft 


ft 



40 

6.76 


ft 

ft 




45 

5,75 


ft 

ft 




5t 

4.91 


ft 

R.M.S. FLUCTUATION 






R.H.S. FLUCTUATION 





0 

0.00 • 







5 

.21 • 







10 

.55 

ft 






15 

.64 

ft 






20 

.90 

ft 






25 

1.00 

ft 






30 

1.32 

ft 






35 

1.47 

ft 






40 

1.31 

ft 


r • 




45 

1.10 

ft 

- 





50 

1.00 

ft 



694] 




6943 


* 






ft 


ai PHI 3S 


DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 


AVERAGE GAIN FUNCTION (l.E*T) 


C<3 

o> 


0 

11.32 


5 

9.73 


10 

7.33 

• 

IS 

3.93 

ft 

20 

6.39 

ft 

25 

7.66 

ft 

30 

3.23 

ft 

35 

7.71 

ft 

40 

6.75 

ft 

45 

5,97 

ft 

SO 

5.35 

ft 

R«M«S« fluctuation 

0 

0.00 • 


5 

.21 • 


10 

,55 • 


15 

,97 • 


20 

1.30 • 


25 

1.47 • 


30 

1.4* 6 


35 

1.34 4 


40 

1.15 • 


45 

1.09 • 


50 

1.11 • 




tri PHI 

L . 

4S DlHeORAI. ANGLE 2»00 WAVELENGTH 



AVERAGE GAIN FUNCTION (i.E«7l 

0 

11.15 


5 

9.11 


10 

6.26 

ft 

; >3 

5.06 

ft 

20 

6.26 

ft 

25 

6.04 

ft 

30 

6.56 

ft 

35 

7.65 

ft 

40 

.> 7.00 

ft 

45 

6.48 

ft 

50 

5.67 

ft 

R«H«S« FLUCTUATION 

0 

- 0.00 • 


5 

.19 • 


10 

' .41 6 


15 

1.05 

ft 

20 

U73 

ft 

25 

1.95 

ft 

30 

1.62 

ft 

35 

1.26 

ft 

40 

1.32 

ft 

45 

1.44 

ft 

SO 

1.30 

ft 




6943 



Table 6. (Ck>nt.) 



Table 6. (Cent. ) 


t 


Od 


ft PHI 55 


0 

11.24 

5 

9.SB 

10 

7.06 

IS 

5.59 

20 

6.10 

25 

7.56 

30 

B.37 

35 

B.Ol 

40 

7.06 

45 

6.15 

50 

5.35 


0 

0.00 ■ 

5 

.14 

10 

.17 

15 

.32 

20 

.35 

25 

.47 

30 

.B7 

'5 

1.15 

40 

1.19 

45 

I.IB 

SO 

1.17 




DIHEDRAL ANGLE 2*00 WAVELENGTH 694? 



l; PHI 

AVERAGE GAIN FUNCTION (l.E*7) 

ft 

0 

11.36 

• 


5 

10.05 

• 


10 

7.94 

• 


15 

6.42 

• 


20 

6.33 

• 


25 

7.14 

ft 


30 

7.74 

ft 


35 

7.57 

ft 


40 

6.85 

• 


45 

6.00 

ft 


50 

5.16 

ReH.Sf FLUCTUATION 


0 

0.00 • 



5 

.12 • 



10 

.26 * 



15 

.65 



20 

1.04 



25 

1.12 



30 

.89 



35 

.87 



40 

1.07 



45 

1.13 



50 

1.09 


DIHEDRAL ANGLE 2*00 NAVELEN6TH 6943 


AVERAGE GAIN FUNCTION (1»E^7) 




II 



R«M*S* FLUCTUATION 




\ 


1 

i 

I 


f- 




5 

1 

I 

\ 

t 



Table 7. Sample gain -functLon matrices. The angles 0]^ and 62 , in microradians, 
are defined in Figure 8 . Only half the matrix is presented since 

G(0p02) = G(-0j,-02). 


a: PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 

GAIN FUNCTION U.E^T) 


50 

2.90 

2.87 

2.78 

2.66 

2.50 

2.34 

2.18 

2,03 

1.90 

1. /B 

1.66 

45 

3.60 

3.56 

3.43 

3.23 

2.99 

2.73 

2.48 

2.26 

2,07 

1.91 

1.78 

40 

4.50 

4.44 

4.27 

3,99 

3.65 

3.27 

2.90 

2.56 

2.29 

2.07 

1.90 

35 

5.52 

5.45 

5.23 

4,89 

4,44 

3,94 

3,43 

2.96 

2.56 

2.26 

2,03 

30 

6.58 

6.49 

6.24 

5.83 

5.30 

4,69 

4,05 

3.43 

2,90 

2.48 

2.18 

25 

7.60 

7.50 

7.21 

6,75 

6,15 

5,45 

4,69 

3.94 

3.27 

2,73 

2,34 

20 

8.56 

8.45 

8.12 

7,60 

6.93 

6.15 

5,30 

4,44 

3.65 

2,99 

2.50 

15 

9.46 

9.32 

8.93 

8.34 

7.60 

6.75 

5.83 

4.89 

3,99 

3.23 

2.60 

10 

10.22 

10.05 

9.60 

8.93 

8.12 

7.21 

6.24 

5.23 

4.27 

3,43 

2.78 

5 

10.75 

10.57 

10.05 

9.32 

8,45 

7,50 

6,49 

5.45 

4.44 

3,56 

2.87 

0 

10.94 

10.75 

10.22 

9.46 

8.56 

7,60 

6.58 

5,52 

4.50 

3.60 

2.90 

-5 

10.75 

10.57 

10,05 

9,32 

8.45 

7.50 

6,49 

5.45 

4.44 

3.56 

2.87 

-10 

10.22 

10.05 

9,60 

8.93 

8.12 

7.21 

6.24 

5.23 

4.27 

3.43 

2.78 

-16 

9.46 

9.32 

8.93 

8.34 

7.60 

6.75 

5.83 

4,89 

3,99 

3.23 

2.66 

-20 

8.56 

8.45 

8.12 

7,60 

6.93 

6.15 

5.30 

4,44 

3.65 

2.99 

2.50 

-25 

7.60 

7.50 

7.21 

6,75 

6.15 

5.45 

4.69 

3,94 

3,27 

2.73 

2.34 

-30 

6.58 

6.49 

6.24 

5,83 

5.30 

4,69 

4,05 

3.43 

2,90 

2.48 

2.18 

-35 

5.52 

5.45 

5,23 

4.89 

4,44 

3,94 

3.43 

2.96 

2.56 

2.26 

2,03 

-40 

4.50 

4.44 

4.27 

3,99 

3.65 

3,27 

2.90 

2.56 

2.29 

2.07 

1.90 

-45 

3.60 

3.56 

3.43 

3.23 

2.99 

2,73 

2.48 

2.26 

2,07 

1.91 

1.78 

-50 

2.90 

2.87 

2.78 

2.66 

2.50 

2.34 

2.18 

2.03 

1.90 

1.78 

1.66 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 



b ; 

PHI 25 DIHEDRAL ANGLE 2,00 

wavelength 5300 






GAIN FUNCTIOr , (1 

.£♦7) 





50 

6.54 

6,95 

7.18 

7,20 

7,05 

6,79 

6.36 

5.68 

4,74 

3,72 

2.81 

45 

7.41 

7,95 

8.27 

8.35 

8.23 

7,98 

7,58 

6,92 

5,94 

4,78 

3.62 

40 

7,77 

8.32 

8.67 

8.04 

8.03 

8,64 

8.24 

7.58 

6,65 

5.52 

4.29 

35 

8.58 

8.88 

9,04 

9.20 

9.28 

9,15 

8.68 

7,89 

6.90 

5.03 

4.60 

30 

9.79 

9.62 

9.53 

9.66 

9.82 

9.73 

9.20 

8.20 

7,00 

5.80 

4.82 

25 

9,76 

9.30 

9.31 

9.69 

10,03 

10,05 

9.60 

8.58 

7,21 

5.93 

4,87 

20 

7,40 

7.21 

7,81 

8,73 

9,34 

9.52 

9,39 

8.75 

7.53 

6.16 

4.99 

15 

4.25 

4.68 

5.83 

7.12 

7,84 

8.10 

8,44 

8.55 

7,86 

6.58 

5.28 

10 

2.93 

3.66 

4.62 

5.63 

6.13 

6.36 

7,16 

8.14 

8.16 

7,12 

5.70 

5 

3.81 

4.09 

4.15 

4.53 

4,76 

4,99 

6.15 

7,73 

8.37 

7,53 

6.05 

0 

4.60 

4.08 

3,49 

3.69 

4,04 

4.41 

5,72 

7,56 

8.29 

7.52 

6.07 

-5 

3.81 

2.98 

2,73 

3.53 

4.27 

4,73 

5.06 

7.34 

7,78 

6.94 

5.63 

-10 

2,93 

2.63 

3,39 

4.82 

5,59 

5.72 

6.25 

6.98 

6.08 

5.95 

4.89 

-15 

4,25 

4,77 

6.12 

7,29 

7.33 

6,73 

6.50 

6.42 

5,81 

4.89 

4.13 

-20 

7.40 

8.27 

9.17 

9.22 

8.23 

7.05 

6.33 

5.71 

4,82 

4.03 

3.51 

-25 

9.76 

10.25 

10.15 

9.16 

7,71 

6.56 

5.81 

4,99 

4,07 

3,43 

3.04 

-30 

9.79 

9.62 

8.82 

7,60 

6.52 

5. t 7 

5.29 

4.46 

3.59 

3,05 

2.67 

-35 

8.58 

7,96 

7,08 

6.28 

5.84 

5.56 

5.01 

4,13 

3.32 

2,79 

2.36 

-40 

7.77 

7.06 

6.41 

6,02 

5.84 

5.50 

4,76 

3,83 

3.06 

2,53 

2.05 

-45 

7.41 

6.81 

6,32 

6.01 

5.67 

5.06 

4,17 

3.30 

2.65 

2.14 

1.69 

-50 

6.54 

6.06 

5.62 

5.22 

4.69 

3.97 

3.18 

2.54 

2,05 

1,64 

1.28 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 
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Table 7. (Cent.) 


C; PHI DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 

GAIN FUNCTIOh (l.E+7) 


50 

7,25 

7,87 

8.31 

8.48 

8.24 

7,57 

6.43 

4.98 

3.58 

2,56 

1.92 

A5 

9.69 

10.40 

10.80 

10,74 

10.20 

9,34 

8.16 

6,57 

4.80 

3.39 

2,50 

40 

11. 4C 

1 2.23 

12,87 

12.82 

11,78 

10.31 

8.98 

7.55 

5.82 

4.24 

3.13 

35 

10.23 

11,54 

13,30 

14.26 

13,37 

11.31 

9.51 

8.11 

6.55 

5.02 

3.83 

30 

7,56 

9.19 

11.70 

13,61 

13.42 

11.59 

9.83 

8,50 

7,04 

5,55 

4.38 

25 

6.73 

7.9A 

9.58 

10.88 

10,87 

9.96 

9.23 

8.58 

7.35 

5.82 

4.59 

20 

6,90 

7,45 


7.93 

7,46 

7,18 

7,67 

8.14 

7.54 

6.13 

4,75 

15 

4,87 

>=.23 

5,54 

5,54 

5.06 

4,93 

5.98 

7.35 

7.58 

6,57 

5.16 

10 

2.90 

. .91 

2.88 

3.42 

3.79 

4,05 

5,23 

6.89 

7.47 

6.78 

5.58 

5 

4,72 

3.56 

1.73 

2.05 

3.50 

4.64 

5,99 

7,34 

7.45 

6.56 

5.66 

0 

6.71 

4,57 

1.53 

1.73 

4.03 

5.95 

7,40 

8.23 

7,62 

6.35 

5.63 

-5 

4.72 

3.00 

1.19 

2.25 

4,78 

6.66 

7.99 

8.66 

7,97 

6,68 

5,90 

>10 

2.90 

2.26 

2.24 

3.64 

5.28 

6.45 

7.72 

8,7'5 

8.56 

7,46 

6,23 

-15 

4.87 

4,59 

4,73 

5.21 

5.62 

6.31 

7,76 

9,13 

9,17 

7,96 

6,37 

-20 

6.90 

6.37 

6.12 

6.19 

6.41 

7,12 

8.48 

9.52 

9,16 

7,66 

5.96 

-25 

6,73 

6,19 

6.52 

7.38 

7.98 

S.32 

8.84 

9,06 

8.22 

6,72 

5,30 

-30 

7,56 

7.21 

8.01 

9.02 

9,05 

8.36 

7.94 

7,64 

6,77 

5.56 

4.51 

-35 

10.23 

9.73 

9.75 

9.47 

8.31 

6.96 

6,37 

6.11 

5.37 

4,37 

3.49 

-40 

11.40 

10.53 

9.50 

8.13 

6.58 

5.52 

5.21 

4,92 

4.11 

3.13 

2.36 

-45 

9.69 

8,72 

7.54 

6.26 

5.19 

4,57 

4,23 

3.66 

2,76 

1,94 

1.40 

-50 

7,25 

6.50 

5.63 

4,75 

3,97 

3.36 

2.79 

2.14 

1.49 

1.02 

.75 


0 

5 

10 

15 

20 

26 

30 

35 

40 

45 

50 



d: 

PHI 60 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 


CD 

(O 




GAIN FUNCTIOf, 1 

ll.E+7) 





50 

6.30 

7,18 

7,69 

7.77 

7.33 

6.43 

5.28 

3.95 

2,62 

1.59 

.99 

45 

6.63 

7.73 

8.70 

9.22 

8.99 

8.04 

6.66 

5,04 

3.44 

2.16 

1.34 

40 

6.79 

8,07 

9,59 

10,71 

10.81 

9.63 

6.10 

6,07 

4.20 

2.77 

1.79 

35 

7.18 

8.64 

10.41 

11,74 

11,96 

10,96 

9.01 

6 . 66 

4,63 

3,22 

2.23 

30 

7,69 

9.29 

10.86 

11,73 

11.63 

10.64 

8.66 

6.61 

4.63 

3,35 

2.48 

25 

7,31 

8.98 

10,27 

10,54 

9.88 

8.89 

7,68 

6,06 

4.38 

3,24 

2.54 

20 

5.33 

6.91 

8,33 

8.62 

7,72 

6.72 

6.15 

5,44 

4.29 

3.26 

2.66 

15 

2.98 

4,09 

5.69 

6.63 

6.16 

5.26 

5.15 

5.32 

4.80 

3.86 

3,19 

10 

2.34 

2.58 

3.63 

5.08 

5,47 

5.01 

5.24 

6.08 

6,12 

5.23 

4.29 

5 

3.56 

2.94 

2.84 

4,23 

5,46 

5,70 

6.36 

7.65 

8.04 

7,07 

5,75 

0 

4.44 

3,59 

2.87 

4.13 

5.91 

6.86 

7.98 

9.52 

9,97 

8.83 

7.15 

-5 

3.56 

3.15 

3.02 

4.62 

6,72 

a . 10 

9.50 

11.00 

11.27 

9,97 

8.14 

-10 

2.34 

2.37 

3,22 

5.33 

7,58 

9,14 

10,50 

11.61 

11.54 

10.24 

8.52 

-15 

2.98 

2.77 

3.76 

5.83 

8.06 

9,72 

10.84 

11.34 

10,90 

9.72 

8.26 

-20 

5.33 

4.41 

4.61 

6.01 

8.02 

9.69 

10.52 

10.48 

9,78 

8.73 

7,44 

-25 

7.31 

5,94 

5,42 

6.10 

7,67 

9,09 

9.61 

9.32 

8.59 

7.55 

6.25 

-30 

7,69 

6.47 

5.90 

6.22 

7,21 

8,06 

8.29 

8.02 

7,39 

6.31 

4,93 

-35 

7.18 

6.28 

5.90 

6.05 

6.51 

6,79 

6,77 

6.60 

6.10 

5.03 

3.70 

-40 

6,79 

5.90 

5.39 

5,29 

5,41 

5.40 

5.28 

5.14 

4,70 

3.74 

2.65 

-45 

6.63 

5.49 

4.54 

4.11 

4.08 

4,05 

3.93 

3.76 

3.34 

2,57 

1.81 

-50 

6.30 

5.06 

3.82 

3.11 

2.90 

2.64 

2,73 

2.57 

2,21 

1.66 

1,17 
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Table 7 . ( Cent .) 

e; Phi 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 


6 GAIN FUNCTIOf; d.E + 7) 

A 


50 

3.11 

3.08 

2.99 

2.84 

2.65 

2.43 

2.18 

1.93 

1.68 

1.46 

1.26 

45 

3.78 

3.74 

3.63 

3.45 

3.21 

2.93 

2.63 

2.31 

2,00 

1.71 

1.46 

40 

4.52 

4.47 

4.33 

4.11 

3.82 

3.48 

3,11 

2,73 

2.36 

2.00 

1.68 

35 

5.34 

5.28 

5.10 

4.83 

4,47 

4,07 

3.63 

3.18 

2.73 

2,31 

1.93 

30 

6.24 

6.16 

5.94 

5.60 

5.16 

4,67 

4,15 

3,63 

3.11 

2.63 

2.18 

25 

7.19 

7.10 

6.82 

6.40 

5.87 

5.28 

4,67 

4,07 

3.48 

2,93 

2,43 

20 

8.16 

8.05 

7.71 

7.19 

6.56 

5,87 

5.16 

4,47 

3.82 

3.21 

2.65 

15 

9.08 

8.94 

8.54 

7.93 

7.19 

6.40 

5.60 

4,83 

4.11 

3.45 

2.84 

10 

9.84 

9.68 

9.22 

8.54 

7.71 

6.82 

5.94 

5.10 

4,33 

3.63 

2.99 

5 

10.34 

10.17 

9.68 

8.94 

8.05 

7.10 

6.16 

5.28 

4,47 

3,74 

3.08 

0 

10.52 

10.34 

9.84 

9.08 

8.16 

7,19 

6.24 

5,34 

4,52 

3.78 

3.11 

-5 

10.34 

10.17 

9.68 

8.94 

8.05 

7.10 

6.16 

5.28 

4.47 

3.74 

3.08 

10 

9.84 

9.68 

9.22 

8.54 

7.71 

6.82 

5.94 

5.10 

4,33 

3,63 

2.99 

15 

9.08 

8.94 

8.54 

7.93 

7.19 

6 . 40 

5,60 

4.83 

4,11 

3.45 

2.84 

20 

8.16 

8.05 

7.71 

7.19 

6.56 

5.67 

5.16 

4,47 

3.82 

3,21 

2.65 

25 

7.19 

7.10 

6.82 

6.40 

5.87 

5.28 

4,67 

4,07 

3.48 

2.93 

2.43 

30 

6.24 

6.16 

5.94 

5.60 

5.16 

4,67 

4,15 

3.63 

3.11 

2.63 

2.18 

35 

5.34 

5.28 

5.10 

4.83 

4,47 

4,07 

3.63 

3.18 

2.73 

2.31 

1.93 

40 

4.52 

4.47 

4,33 

4.11 

3.82 

3.48 

3.11 

2,73 

2.36 

2,00 

1.68 

45 

3.78 

3.74 

3.63 

3.45 

3.21 

2,93 

2.63 

2.31 

2.00 

1.71 

1.46 

50 

3.11 

3.08 

2.99 

2.84 

2.65 

2.43 

2.18 

1.93 

1.68 

1.46 
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£; PHI 25 dihedral ANGLE 2.00 WAVELENGTH 6943 


Og GAIN FUNCTIOr . ( l . E + 7 ) 


50 

4.36 

4,48 

4,56 

4.61 

4.64 

4.60 

4,46 

4,18 

3,78 

3,27 

2.72 

45 

5,77 

5.81 

5.81 

5.82 

5.80 

5.69 

5,45 

5.06 

4,51 

3.83 

3.11 

40 

7.14 

7.11 

7,13 

7,18 

7.17 

6,99 

6.63 

6.08 

5,37 

4,50 

3.58 

35 

7,72 

7,72 

7.93 

8.22 

8,37 

8.22 

7,74 

7,04 

6,18 

5.17 

4.08 

30 

7,12 

7,32 

7,90 

8.60 

9.08 

9. 05 

8.51 

7,69 

6.73 

5,67 

4,52 

25 

5,88 

6.38 

7,33 

8.42 

9.20 

9.32 

8,77 

7,86 

6,88 

5.89 

4,79 

20 

5,19 

5.95 

7.00 

8.14 

9.00 

9,14 

8.54 

7,57 

6.63 

5,79 

4.86 

15 

6.07 

6.83 

7.51 

8.20 

8.74 

8.72 

8.00 

6,98 

6.11 

5.47 

4,79 

10 

8.44 

8.86 

8.72 

8.55 

8.50 

8.17 

7.33 

6,27 

5.50 

5.06 

4,63 

5 

10.98 

10.81 

9.73 

8.69 

8.10 

7,54 

6,65 

5,63 

4,95 

4.68 

4,44 

0 

12.07 

11.29 

9.58 

8.13 

7,37 

6 . H 5 

6.06 

5.13 

4.55 

4.38 

4,23 

-5 

10,98 

9.84 

8.11 

6.90 

6.49 

6,27 

5.68 

4.87 

4.32 

4.16 

4,01 

10 

8.44 

7,31 

6.15 

5.69 

5.89 

6.04 

5.61 

4,64 

4.26 

4,00 

3,76 

15 

6.07 

5.30 

4,94 

5.30 

6.00 

6.29 

5.83 

4,98 

4,29 

3.88 

3.50 

20 

5,19 

4.88 

5.19 

6.00 

6,75 

6.83 

6,13 

5,12 

4,29 

3.73 

3.21 

25 

5.88 

5.93 

6.49 

7.23 

7.59 

7.20 

6,19 

5.05 

4,15 

3,49 

2.88 

30 

7.12 

7,32 

7,74 

8.03 

7.80 

6.96 

5.77 

4,65 

3.79 

3,13 

2.51 

35 

7,72 

7.86 

7.95 

7,74 

7,06 

6.02 

4,90 

3,98 

3.28 

2.69 

2.12 

40 

7.14 

7.14 

6.94 

6.42 

5.62 

4.69 

3.87 

3.24 

2,74 

2,26 

1.76 

45 

5.77 

5.63 

5.29 

4,75 

4.09 

3.47 

2,99 

2.63 

2,29 

1,90 

1.49 

50 

4.36 

4.14 

3.81 

3.40 

3.00 

2.68 

2.45 

2,24 

1.98 

1.64 

1.29 
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Table 7. (Cent. ) 


g: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 


e„ GAIN FUNCTION (l.E*7) 

A 


50 

5.31 

5.79 

6.50 

7,15 

7,33 

6. IS 

5.68 

4.46 

3.45 

2.72 

2)12 

45 

5,59 

6.26 

7,36 

8.51 

9,13 

8,75 

7,46 

5.83 

4,40 

3,36 

7i,56 

40 

6.32 

7,02 

8.11 

9,31 

10,04 

9.80 

8.55 

6.82 

5,21 

3.97 

3.03 

35 

8.28 

6.80 

9,39 

9,97 

10,21 

9,74 

6,53 

6.96 

5.51 

4.33 

3.36 

30 

10.54 

10.62 

10.88 

10.70 

10,19 

9.20 

7,84 

6.44 

5.28 

4.37 

3.56 

25 

10.89 

11.13 

11.14 

10.83 

10,06 

8,77 

7,20 

5.61 

4.86 

4.25 

3.68 

20 

8.67 

9.02 

9,35 

9.56 

9,33 

8.39 

6.90 

5.49 

4.62 

4.21 

3.86 

15 

6,28 

6.54 

6,76 

7.26 

7,79 

7.69 

6,75 

5,54 

4.77 

4,50 

4,25 

10 

6.69 

6,39 

5,45 

5,23 

5,98 

6,72 

6.60 

5,90 

5.38 

5.20 

4.89 

5 

9,50 

8.35 

5.73 

4.16 

4,60 

5.88 

6.56 

6,47 

6.25 

6.11 

5.61 

0 

11.15 

9,42 

5,89 

3.62 

3,92 

5.53 

6,70 

7,00 

6.96 

6,79 

6.10 

-5 

9.50 

7.86 

4.92 

3.31 

4,01 

5,75 

6.91 

7.18 

■•.09 

6.86 

6.12 

10 

6.69 

5.64 

4.20 

3.89 

5,01 

6.40 

7,01 

6.86 

6.57 

6.29 

5,67 

15 

6.28 

5.78 

5,47 

5.84 

6,65 

7.12 

6.85 

6,19 

5.71 

5,46 

5.0a 

'20 

8.67 

8.34 

8,17 

8.16 

3,03 

7,45 

6.46 

5,52 

4,99 

4,77 

4,47 

•25 

10,89 

10.45 

9.88 

9.23 

8.39 

7,31 

6.14 

5.19 

4,65 

4,36 

4.02 

30 

10,54 

10,00 

9,33 

8.64 

7,94 

7,u9 

6.12 

5.23 

4.57 

4,07 

3,55 

35 

8.28 

7.84 

7,56 

7,49 

7.42 

7,04 

6.24 

5,24 

4,33 

3,61 

2.96 

40 

6.32 

6.06 

6.25 

6,73 

7.06 

6.62 

5.92 

4,72 

3,67 

2,89 

2.28 

45 

5.59 

5.45 

5,^5 

6,21 

6.38 

5.90 

4.83 

3,64 

2,71 

2.10 

1.66 

50 

5.31 

5.15 

5.23 

5,30 

5,05 

4,34 

3,35 

2.44 

1.85 

1.50 

1.22 
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h; PHI 60 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 

GAIN FUNCTIOfi <1.E*7) 


50 

4.76 

5.13 

5.56 

5.94 

6.07 

45 

6.26 

6,66 

6.98 

7.14 

7,01 

40 

7.59 

8,02 

8.21 

8. 09 

7,61 

35 

8.05 

8,52 

8,72 

8.52 

7.85 
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7,27 

7.79 

8.21 

8.31 

7,81 

25 

5,75 

6.24 

6,98 

7,62 

7,67 

20 

4,75 

5.06 

5.83 

6,87 

7.55 

15 

5,40 

5.30 

5.57 

6.48 

7.53 

10 

7,67 

7.08 

6.38 

6,57 

7,58 

5 

10.24 

9.27 

7.61 

6,93 

7.65 

0 

11.36 

10.33 

8.30 

7,19 

7.70 

.^5 

10.24 

9,51 

7.90 

7,10 

7,72 

10 

7,67 

7,40 

6.74 

6,74 

7,69 

15 

5,40 

5,46 

5.66 

6.39 

7.54 

'20 

4.75 

4,85 

5.34 

6.22 

7.24 

25 

5.75 

5.60 

5,77 

6.22 

6,76 

'30 

7,27 

6,79 

6.40 

6,17 

6.14 

'35 

8.05 

7.37 

6.60 

5.92 

5.50 

'40 

7.59 

6.94 

6.15 

5,40 
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Figure 9. Contour plots of the gain-function matrices given in Table 7. Circles 25 and 50 prad in radius are 
shown to mark the minimum and maximum values of the velocity aberration. The numbers are the 
gain function in units of 10 The incidence angle the dihedral-angle offset 6, and the wavelength 
X. are given for each figure, a: <|)=0% 6 = 2i'0, X = 5300 A. 
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8. RANGE CORRECTION 

Range corrections coiresponding to the reflectivity data from Section 7 are given 
here; the data have been computed under the same conditions and are presented in the 
same format. The range correction is the difference between the centroid of the actual 
return pulse aid the centroid of the pulse that would be received from a point reflector 
at the center of gravity of the satellite, hi addition to the data on the centroid of the 
return, some information is presented on the half-maximum and half-area points of 
the return signal. 

The data in this section have been computed for the incoherent case; the effect 
of coherent interference is discussed in Section 9. Note that the half-maximum and 
half-area data are not necessarily the average of the coherent cases. 

Tables 8 and 9 were computed from the reflectivity curves of Figure 7. Table 8 
gives the centroid of the total reflected signal, a quantity that can be measured only 
in the laboratory, where it is possible to collect the total reflected energy. Table 9 
shows the average range correction in the annulus determined by the velocity aberra— 
tion; the curves for the two wavelengths 5300 and 6943 A are nearly identical, the 
maximum difference being about 1 mm. The difference in the curves between Table 8 
and Table 9 is larger, with a maximum difference of about 1 cm. The range correc- 
tion is plotted against the incidence angle <}> out to the largest angle at which the array 
is reflective. Only angles up to about 60® can actually be observed, as the satellite 
is gravity stabiUzed. The computer graph to the right of each page is plotted with the 
incidence angle increasing down the page and the range correction increasing to the 
right at a scale of 1 cm per horizontal print position. The horizontal origin of the 
graph has been displaced on each page to try to keep the points from going off scale. 

The difference between the range correction for a haK-maximum detection system 
^•nH the range correction for a centroid detection system is shown in Table 10. The 
correction from this table, added to that from Table 9, yields the total range 
correction for this type of pulse detection. The largest values in the table are for the 
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shortest transmitted pulses. In Table 11, the difference between the range correction 
for a half-area detection system and that for a centroid detection system is given. 

The difference is largest for a 0.2-nsec pulse and is zero to within the accuracy of the 
computation for a 20-nsec pulse. 

Table 12 shows how the range correction varies with velocity aberration. The 
format ib the same as that of Table 6 for the gain function. The computer graphs on 
the right are plotted at a scale of 1 cm per horizontal print position. The horizontal 
origin of the range correction has been adjusted to keep the maximum in the same 
position on each page, while that for the rms fluctuation has not been adjusted. For 
4> = 0“, the range correction is constant throughout the whole far-field pattern. At 
other incidence angles, such as <j) = 45 “, variations with velocity aberration are larger. 
Fortunately, the largest variations occur around 10 prad, which is not an observable 
value of velocity aberration. The variations in the 25- to 50-[irad range are under 
2 cm. 


Some of the range-correction matrices from which the data of Table 12 were com- 
puted are given in Table 13, where the format is the same as that of the gain matrices 
(Table 7). The angles 0^ and are defined in Figure 8. The average range correc- 
tion in the 25- to 50-prad annulus obtained from these matrices agrees with the range 
corrections of Table 9, which were computed with the reflectivity curve of Figure 7 to 
within 1 mm for X. = 6943 A and 1. 5 mm for X = 5300 A. 

Figure 11 consists of 1-cm-interval contour plots of the range -correction matrices 
in Table 13. No plots are given for <|) = 0®, since the range correction is constant for 
this case. For other values cf <|>, the range correction is asymmetric from left to right, 
just as the gain function was. As discussed in Section 7, the as 3 rmmetry is due to the 
method of orienting the cube comers. 
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Centroid range correction for total reflected energy vs. incidence angle. (This quantity can be 
observed only under laboratory conditions, where it is possible to collect all the reflected energy. ) 


PHI (DEG) range correction (METERS) 


.3043 
.3046 
.3057 
.3074 
.3098 
.3126 
.3160 
.3198 
.3238 
.3281 
.3324 
.3368 
.3410 
.3450 
.3489 
.3524 
.3557 
.3586 
.3612 
.3629 
.3639 
.3645 
• 3646 
.3643 
.3637 
.3627 
.3614 
.3597 
.3576 
.3550 
.3520 
.3486 
.3448 
.3405 
.3359 
.3308 
.3253 
.3194 
.3131 
.3064 
.2993 
.2917 
.2837 
.2752 
.2663 
.2569 
.2471 
.2369 
.2262 
.2152 
.2038 
.1920 
.1799 
.1675 
.1547 
.1416 
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Table 8. (Cent.) 


cn 

CO 


PHI (DEG) RANGE CORRECTION (METERS) 



56.0 

1.1281 


57.0 

1.1163 


58.0 

1.1002 


59.0 

1.0857 


60.0 

1.0710 


61.0 

1.0560 


62.0 

1.0607 

A ^ 

63.0 

1.0252 


66.0 

1.0096 

**l s 

65.0 

.9933 


66.0 

.9771 

Q ^ 

67.0 

.9606 


68. 0 

.9638 

69.0 

.9266 

70.0 

.9091 

A ^ 

71,0 

.8913 

CS ^ 

72.0 

.8732 

fc ; a 

73.0 

.8568 


76.0 

.8361 

lim 

75.0 

.8170 

76.0 

.7977 


77.0 

.7781 


78.0 

.7583 


79.0 

.7382 


80.0 

,7178 


81.0 

.6973 


82.0 

.6765 


83.0 

.6555 


86.0 

.6363 


85.0 

.6130 


86.0 

.5916 


87.0 

.5700 


88.0 

.5686 


89.0 

.5268 


90.0 

.5053 


91.0 

.6839 


92.0 

.6629 


93.0 

.6626 


96.0 

.6216 


95.0 

.6002 


96.0 

.3788 


97.0 

.3568 


98.0 

.3363 


99.0 

.3122 


100.0 

.2892 


101.0 

.2651 


102.0 

.2615 


103.0 

.2187 


106^0 

.1952 


105.0 

.1696 


106.0 

.1630 < 


107.0 

.1185 • 


108.0 

.0986 • 


109.0 

.0860 • 


110.0 

.0760 • 


111.0 

.0691 • 



Table 9, 



cn 


PHKOEG) 


0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

5.0 

9.0 

10.0 

11.0 
12.0 
13>.0 
16.0 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 
21.0 
22.0 

23.0 

26.0 

25.0 

26.0 

27.0 

28.0 

29.0 

30.0 

31.0 

32.0 

33.0 

36.0 

35.0 

36.0 

37.0 

38.0 

39.0 

60.0 
61.0 
62.0 

63.0 

66.0 

65.0 

66.0 

67.0 

68.0 

69.0 

50.0 

51.0 

52.0 

53.0 

56.0 

55.0 


Average centroid range correction in the 25- to 
angle, a; X = 5300 A, 

RANGE CORRECTION (METERS) 

1.3061 

1.3069 

1.3056 

1.3076 

1.3099 

1.3131 

1.3173 

1.3221 

1.3271 

1.3322 

1.3376 

1.3626 

1.3676 

1.3519 

1.3560 

1.3598 

1.3629 
1.3655 
1.3675 
1.3690 
1.3700 
1.3706 

1.3710 

1.3711 
1.3708 
1.3700 
1,3668 
1.3672 
1.3653 

1.3630 
1.3603 
1,3571 
1.3535 
1.3695 
1.3651 
1.3601 
1.3367 
1.3289 
1.3227 
1.3162 
1.3092 
1.3016 
1.2936 
1.2851 
1.2762 
1.2669 
1.2571 
1.2668 
1.2361 
1.2269 
1.2136 
1.2016 
1.1891 
1.1766 
1.1633 
1.1699 


•^•ad annulus of the far-field pattern vs. incidence 


« 

• 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

C 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 


f 


« m 


Table 9a. (Cent. ) 


CJ1 

cn 


PHKOEG) RANGE CORRECTION (NETERSI 


56.0 

1.1362 

57,0 

1.1221 

56. 0 

1.1077 

59.0 

1.0931 

60.0 

1.0762 

61.0 

1.0631 

62.0 

1.0677 

63,0 

1.0322 

66.0 

1.0166 

65.0 

1.0006 

66.0 

.9661 

67.0 

.9677 

66.0 

.9509 

69.0 

.9336 

70.0 

.9166 

71.0 

.6965 

72.0 

.6601 

73.0 

.6616 

76.0 

.6626 

75.0 

.6230 

76.0 

,8036 

77,0 

.7633 

76,0 

• 7629 

79.0 

.7621 

60.0 

.7213 

61.0 

.7005 

62.0 

.6796 

63.0 

.6565 

66.0 

.6370 

65.0 

.6155 

66.0 

.5963 

67.0 

• 5731 

u.o 

• 5516 

69.0 

• 5306 

90.0 

• 5090 

91.0 

.6876 

92.0 

.6661 

93«0 

.6666 

9^.0 

.6229 

95.0 

.6008 

96.0 

.3790 

97.0 

.3571 

96.0 

.3336 

99.0 

• 3110 

100.0 

.2669 

101.0 

• 2636 

102.0 

.2607 

103.0 

.2177 

106 k 0 

• 1963 

105.0 

• 1668 

106.0 

.1660 

107.0 

.1191 

106.0 

.0966 

109.0" 

.0706 
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Table 9b; \ = 6943 A 


PHKDEG) range correction (METERS) 


0.0 

1.3043 

1.0 

1.3047 

2.0 

1.3059 

3.0 

1*3080 

4.0 

1.3108 

S.O 

1.3145 

6.0 

1.3186 

7.0 

1*3231 

• .0 

1.3279 

9.0 

1.3328 

10.0 

1.3380 

11.0 

1.3431 

12.0 

1.3478 

13.0 

1.3523 

14.0 

1.3563 

15.0 

1.3599 

16.0 

1.3630 

17.0 

1.3656 

18.0 

1.3676 

19.0 

1.3691 

20.0 

1.3701 

21.0 

1.3707 

22*0 

1*3713 

23.0 

1.3716 

24.0 

1.3719 

29.0 

1.3709 

26.0 

1.3699 

27.0 

1.3684 

28*0 

1.3666 

29*0 

1.3643 

30.0 

1.3616 

31*0 

1.3589 

32.0 

1*3549 

33.0 

1*3508 

34.0 

1.3462 

39.0 

1*3411 

36.0 

1.3356 

37^0 

1.3297 

38.0 

1.3235 

39.0 

1.3168 

40.0 

1.3097 

41.0 

1.3022 

42.0 

1*2942 

43.0 

1.2858 

44.0 

1*2769 

49.0 

1.2676 

46.0 

1.2577 

47.0 

1.2473 

.48*0 

1.2365 

49.0 

1.2293 

90.0 

1.2137 

91.0 

1.2017 

52.0 

1.1894 

93.0 

1.1767 

94.0 

1.1637 

59.0 

1.1506 



t 


t 


Table 9b. (Cent.) 


PHI (DEG) RANGE CORRECTION (METERS) 


56.0 

1.1368 

• 

57.0 

1.1229 

ft 

58.0 

1.1088 

ft 

59.0 

1.0943 

ft 

60.0 

1.0796 

ft 

61.0 

1.0646 

ft 

62.0 

1.0494 

ft 

63.0 

1.0338 

ft 

66.0 

1.0180 

ft 

65.0 

1.0019 

ft 

66.0 

.9854 

ft 

67.0 

.9686 

ft 

68.0 

.9515 

ft 

69.0 

.9340 

ft 

70.0 

.9161 

ft 

71.0 

.8979 

ft 

72.0 

.8792 

ft 

73.0 

.8602 

ft 

74.0 

.8410 

ft 

75.0 

.8215 

ft 

76.0 

.8021 

ft 

77.0 

.7823 

ft 

78.0 

.7623 

ft 

79.0 

.7419 

ft 

80.0 

.7214 

ft 

81.0 

.7011 

ft 

82.0 

.6805 

ft 

83.0 

.6599 

ft 

84.0 

.6390 

ft 

85.0 

.61 T9 

ft 

86.0 

.5909 

ft 

87.0 

.5758 

ft 

88.0 

.5546 

ft 

89.0 

.5334 

ft 

90.0 

.5119 

ft 

91.0 

.4906 

ft 

92.0 

.4690 

ft 

95.0 

.4472 

ft 

94.0 

.4254 

ft 

95.0 

.4030 

ft 

96.0 

.3811 

ft 

97.0 

.3590 

ft 

98.0 

.3356 

ft 

99.0 

.312s 

ft 

100.0 

.2879 

ft 

101.0 

.2644 

ft 

102.0 

.2411 

ft 

103.0 

.2174 

ft 

104.0 

.1948 

ft 

105.0 

• 1694 

ft 

106.0 

.1446 

ft 

107.0 

.1197 

ft 

108.0 

.0949 

ft 

109.0 

.0707 

ft 


I 1 I 


I 


Table 10. maerence between half-maaimam and 

deuce angle. The half-maximuin range correction is the sum of Tables 9 

and 10. 

.2 NANOSECOND PULSE 

PHI (DEG) 1/2 MAX* CORRECTION (METERS) 


0.0 
2.0 
A.O 
6*0 
8*0 
10. 0 
20,0 

30.0 

40.0 

50.0 
60.0 

70.0 

80.0 
90.0 

100.0 


.0177 * 

.0198 * 

.0325 

.0407 

.044 3 

.0450 

.0427 

o0395 

.0361 

.0369 

.0393 

.0355 

.0351 

.0292 ♦ 

.0248 * 


i 


5 nanoseccnd pulse 

PHI (DEG) 1/2 MAX. CORRECTION (METERS) 


0.0 

10,0 

20,0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90,0 

100,0 


.0006 
,0051 * 

.0059 * 

,0062 * 
,0059 * 

,0063 * 

,0061 * 
,0046 * 
,0035 * 
.0020 * 
.0010 * 


20 NANOSECOND PULSE 

PHI (DEG) 1/2 MAX. CORRECTION (METERS) 


0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 
90,0 

100,0 


,0001 * 
,0012 * 
,0014 * 
,0014 * 
,0014 * 
,0015 * 
,0014 * 
.0011 * 
,0008 * 
,0005 * 
,0002 * 
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Table 11. Difference between half-area and centroid r |e correction vs. incidence 
angle. The half-area range correction is tht, sum of Tables 9 and 11. 


•2 NANOSECOND PULSE 


PHI (DEG) 

1/2 AREA CORRECTION 

0.0 

0,0000 * 

2,0 

,0003 * 

A.O 

,0026 ik 

6,0 

,0076 * 

8.0 

,0118 * 

10.0 

,0137 * 

20.0 

,0172 * 

30.0 

.0182 * 

AO.O 

,0181 * 

50.0 

.0191 * 

60.0 

,0180 * 

70.0 

.0135 * 

80.0 

,0090 * 

90.0 

,0035 * 

100.0 

0,0000 » 


5 nanosecond PULSE 

PHI (DEG) 

1/2 AREA CORRECTION 

0.0 

0.0000 * 

10.0 

,0002 * 

20.0 

,0004 * 

30.0 

,0005 * 

40,0 

,0005 * 

50.0 

,0005 * 

60.0 

,0005 * 

70,0 

,0003 * 

80.0 

,0001 * 

90.0 

,0001 * 

100,0 

0,0000 * 


20 NANOSECOND PULSE 

PHI (DEG) 

1/2 AREA CORRECT IU(4 

0.0 

0.0000 * 

10. 0 

-.0001 * 

20.0 

-.0001 * 

30.0 

-.0001 * 

40.0 

-.0001 * 

50,0 

-.0001 * 

60.0 

-.0001 « 

70,0 

-.0001 * 

80.0 

-.0001 * 

90.0 

-.0001 * 

100.0 

-.0001 * 


(METERS) 


(METERS) 


(METERS) 
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Table 12 


Centroid range correction vs. velocity aberration. The average and rms fluctuations are computed 
around a circle in the far field whose radius is the velocity aberration listed, in microradians, in 
the first column. 



Oi 

o 



ai PHI 

0 DIHEDRAL ANGLE 2.00 WAVELENGTH 

5300 


b; PHI 

5 DIHEDRAL ANGLE 2.00 WAVELENGTH 



AVERAGE RANGE CORRECTION (METERS) 




AVERAGE RANGE CORRECTION (HETERS) 

0 

1.30A1 



0 

1.3125 


5 

1.30A1 


• 

5 

1.3126 


10 

1.30A1 


• 

10 

1.3128 


IS 

1.30A1 


• 

15 

1.3131 


20 

1.30A1 


• 

20 

1..3132 


25 

1.30A1 



25 

1.3131 


30 

1.30A1 


« 

30 

1.3127 


35 

1.30A1 


• 

35 

1.3123 


AO 

1.30A1 


• 

AO 

1.3123 


A5 

1.30A1 


• 

A5 

1.3131 


SO 

1.30A1 


• 

50 

1.31A3 




R.M.S. FLUCTUATION 




R.M.S. FLUCTUATION 

0 

O.COOO * 



0 

0.0000 A 


5 

i.0000 » 



5 

.0002 A 


10 

.0000 « 



10 

.0010 A 


1', 

.0000 « 



15 

.0021 A 


20 

.0000 A 



20 

.0033 A 


25 

.0000 A 



25 

.OOAA A 


30 

.0000 A 



30 

.0050 A 


35 

.0000 A 



35 

.0052 A 


AO 

.0000 A 



AO 

.0051 A 


AS 

.0000 A 



AS 

.00A6 A 


50 

.0000 A 



50 

.00A2 A 



o: PHI 10 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 


average range CORRECTION (HETERS) 


0 

1.33A2 



ft 

5 

1.33AS 



ft 

10 

1.3350 



ft 

15 

1.3352 



ft 

20 

1.33A9 



ft 

25 

1.33A6 



ft 

30 

1.3351 



ft 

35 

1.3367 



ft 

AO 

1.3386 



ft 

45 

1.3399 



ft 

SO 

1.3A00 



ft 




R.M.S. FLUCTUATION 


0 

0.0000 

ft 



5 

.0007 

ft 



10 

.0030 

ft 



15 

.0059 

ft 



20 

.0004 

ft 



25 

.0097 

ft 



30 

.0101 

ft 



35 

.0098 

ft 



AO 

.0094 

ft 



AS 

.0091 

ft 



50 

.0093 

ft 




d: PHI IS DIHEDRAL ANGLE 2.00 WAVELENGTH 


AVERAGE RANGE CORRECTION (METERS) 

0 1.3557 

5 1.3561 

10 1.3565 

15 1.356A 

20 1.3565 

25 1.3573 

30 1.3593 

35 1.3617 

AO 1.3630 

AS 1.3625 

so 1.3605 

R.M.S. fluctuation 

0 0.0000 • 

5 .OOlA • 

10 .005A • 

IS .0092 A 

20 .0107 

25 .0107 

30 .0107 

35 .0108 

AO .0108 

AS .0112 

50 .0122 


5300 


5300 




•aooi 30 

rivtnoi'ao 


Table 12. (Cont. ) 



Oi 


•I PHI zr DIHEDRAL ANGLE Z.OO WAVELENGTH 


AVERAGE RANGE CORRECTION (METERSI 


0 

1.3614 

5 

1.3609 

10 

1.3606 

15 

1.3631 

20 

1.3664 

25 

1.3685 

30 

1.3707 

35 

1.3727 

AO 

1.3730 

A5 

1.3716 

SO 

1.3694 


0 

0.0000 

ft 

5 

.0020 

ft 

10 

.0081 


15 

.0117 


20 

.0114 


25 

.0109 


30 

.0117 


35 

.0126 


40 

.0128 


45 

.0129 


50 

.0130 



r; 

PHI 


0 

1.3451 

5 

1.3316 

10 

1.3154 

15 

1.3333 

20 

1.3514 

25 

1.3573 

30 

1.3587 

35 

1.3600 

40 

1.3619 

45 

1.3628 

SO 

1.3622 


0 

0.0000 

ft 

5 

.0031 

ft 

10 

.0068 


15 

.0051 


20 

.0074 


25 

.0080 


30 

.0101 


35 

.0114 


40 

.0102 


45 

.0083 


50 

.0073 



R.H.5. fluctuation 


DIHEDRAL ANGLE 2.00 WAVELENGTH 


AVERAGE RANGE CORRECTION (NETERS) 


R.M.S. fluctuation 


5300 


f: PHI 

ft 

0 

1.3576 

ft 

5 

1.3517 

ft 

10 

1.3464 

ft 

15 

1.3557 

ft 

20 

1.3650 

ft 

25 

1.3687 

ft 

30 

1.3703 

ft 

35 

1.3709 

ft 

40 

1.3712 

ft 

45 

1.3712 

ft 

50 

1.3707 


0 

0.0000 * 


5 

.0025 • 


10 

,0091 * 


15 

.0107 • 


20 

.0100 • 


25 

.0099 • 


30 

.one • 


35 

.0137 • 


40 

.0134 • 


45 

.0114 • 


50 

.0099 • 

5300 


hr PHI 

ft 

0 

1.3227 

ft 

5 

1.3030 

ft 

10 

1.2722 

ft 

15 

1.2986 

ft 

20 

1.3249 

ft 

25 

1.3328 

ft 

30 

1.3364 

ft 

35 

1.3407 

ft 

40 

1.3437 

ft 

45 

1.3436 

ft 

50 

1.3418 


0 

0.0000 • 


5 

.0033 • 


10 

.0130 • 


15 

.0039 • 


20 

.0067 • 


25 

.0071 • 


30 

.0072 * 


35 

.0070 » 


40 

.0064 • 


45 

.0063 • 


50 

.0064 • 


DIHEDRAL ANGLE 2,00 WAVELENGTH 5300 
AVERAGE RANGE CORRECTION (METERS) 

• 

ft 

ft 

ft 

ft 


R.M.S. FLUCTUATION 


DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
AVERAGE RANGE CORRECTION (METERS) 


ft 

ft 


ft 

ft 


ft 

ft 

ft 

ft 

ft 

ft 

ft 


R.M.S. FLUCTUATION 


Table 12. (Cent.) 


o> 

to 


it PHI 40 


0 

1.2926 

5 

1.2694 

10 

1.2275 

15 

1.2585 

20 

1.2871 

25 

1.2962 

30 

1.3037 

35 

1.3105 

40 

1.3132 

45 

1.3126 

50 

1.3115 


0 

0.0000 

• 

5 

.0032 

• 

10 

.0172 

ft 

15 

.0049 

ft 

20 

.0076 

ft 

25 

.0072 

ft 

30 

.0059 


35 

.0050 

ft 

40 

.0051 

ft 

45 

.0055 

ft 

50 

.0055 

ft 


k: PHI 50 



0 

5 

10 

1.2048 

1.1853 

1.1417 


H ' 

15 

1.1694 



20 

1.1937 



25 

1.1992 


v> ‘ 

30 

1.2058 



. 35 

1.2141 



40 

1.2173 


f '• 

45 

1.2163 


’ V 

50 

1.2149 



0 

0.0000 

ft 


5 

.0026 

ft 


10 

.0076 



15 

.0053 



20 

.0082 



25 

.0086 



30 

.0083 



35 

.006to 



40 

.0057 



45 

.0060 



50 

.0066 



dihedral angle 2.00 

WAVELENCTH 5300 


It fhi 

AVERAGE RANGE CORRECTION 

(HETERSI 

' 




ft 

0 

1.2570 



ft 

5 

1.2347 



ft 

10 

l.lBll 



ft 

15 

1.2113 



ft 

20 

1.2424 



ft 

25 

1.2509 



ft 

30 

1.2599 



ft 

35 

1.2683 



ft 

40 

1.2708 



ft 

45 

1.2699 



ft 

50 

1.2694 


R.N.S. FLUCTUATION 







0 

0.0000 

ft 



5 

.0031 

ft 



10 

.0138 




15 

.0076 




20 

.0082 




25 

.0082 




30 

.0066 




35 

.0051 




40 

.0052 




45 

.0056 




50 

.0060 



DIHEDRAL ANGLE 2.00 

HAVELENOTH 

5300 


It 1 

PHI 

AVERAGE RANGE CORRECTION 

(HETERSI 







ft 

0 

1.1412 




ft 

5 

1.1249 



ft 


10 

1.0985 




ft 

15 

1.1196 




ft 

20 

1.1365 




ft 

25 

1.1398 




ft 

30 

1.1430 




ft 

35 

1.1490 




ft 

40 

1.1530 




ft 

45 

1.1532 




ft 

50 

1.1512 


R.N.S. fluctuation 









0 

0.0000 

ft 




5 

.0028 

ft 




10 

.0065 

ft 

, ^ 



15 

.0069 

ft 




20 

.0082 

ft 




25 

.0088 

ft 




30 

.0095 

ft 




35 

.0086 

ft 




40 

.0068 

ft 




45 

.0068 

ft 




50 

.0080 

ft 


45 dihedral angle 2.00 WAVELENGTH 5300 
AVERAGE RANGE CORRECTION (HETEkS) 


R.N.S. FLUCTUATION 


55 dihedral angle 2.00 WAVELENGTH 5300 
AVERAGE RANGE CORRECTION (HETERSI 


R.N.S. fluctuation 




* 


« 





1 


Table 12. (Coot.) 


mi PHI 60 OlHEDPAL ANGLE 2.00 NAVEuENGTH S300 


n: PHI 0 DIHEDRAL ANGLE 2.00 NAVELENGTH 


AVERAGE RANGE CORRECTION (METERS) 


AVERAGE RANGE CORRECTION (METERS) 


0 

1.06S2 



ft 

0 

1.3063 

5 

1.0562 



ft 

5 

1.3063 

10 

1.0625 



ft 

10 

1.3063 

15 

1.0553 



ft 

15 

1.3063 

20 

1.0690 



ft 

20 

1.3063 

25 

1.072B 



ft 

25 

1.3063 

30 

1.0737 



ft 

30 

1.3063 

35 

1.0759 



ft 

35 

1.3063 

60 

1.0785 



ft 

60 

1.3063 

65 

1.0796 



ft 

65 

1.3063 

50 

1.0788 



ft 

SO 

1.3063 




R.M.S. fluctuation 




0 

0.0000 

« 



0 

0.0000 

5 

.0028 

• 



5 

.0000 

10 

.0070 

* 



10 

.0000 

15 

.0088 

• 



15 

.0000 

20 

.0082 

« 



20 

.0000 

25 

.0006 

ft 



25 

.0000 

30 

.OOVA 

ft 



30 

.0000 

35 

.00«7 

m 



35 

.0000 

60 

.0088 

ft 



60 

.0000 

65 

.0086 

ft 



65 

.0000 

50 

.0101 

ft 



50 

.0000 


R.M.S. FLUCTUATION 


o> PHI 5 DIHEDRAL ANGLE 2.00 WAVELENGTH 69A3 


AVERAGE RANGE CORRECTION (METERS) 

0 1.317A 

5 1.3173 

10 1.3171 

15 1.3167 

20 1.3166 

25 1.3159 

30 1.3155 

35 1.3169 

60 1.3161 

65 1.3132 

50 1.3123 

R.M.S. FLUCTUATION 

0 o.'oooo • 

5 .0000 • 

10 .0002 • 

15 .0006 A 

20 .0009 • 

25 .0015 • 

30 .0022 • 

35 .0030 6 

60 .0037 • 

65 .0061 • 

50 .0063 • 



pt PHI 10 

DIHEDRAL ANGLE 2.00 

wavelength 




AVERAGE RANGE CORRECTION 

(METERS) 

n 

1.3637 




5 

1.3636 




10 

1.3636 




IS 

1.3631 




20 

1.3625 




25 

1.3617 




30 

1.3606 




35 

1.3389 




60 

1.3376 




65 

1.3367 




50 

1.3363 


R.M.S. fluctuation 


0 

0.0000 

ft 



5 

.0001 

ft 



1C 

.0006 

ft 



15 

.0015 

ft 



20 

.0028 

ft 



25 

.0066 

ft 



30 

.0059 

ft 



35 

.0071 

ft 



60 

,0076 

ft 



65 

.0076 

ft 



50 

.0076 

ft 




6963 


6<>63 


Table 12. (Ck^nt.) 


qs PHI IS DIHEDRAL ANGLE 2.00 


MAVELENGTH 69A3 


r: PHI 20 DIHEDRAL ANGLE 2.00 


WAVELENGTH 69A3 


O) 


AVERAGE RANGE CORRECTION (METERS) 


AVERAGE RANGE CORRECTION (HETELS) 


0 1.3GS5 

S 1.365A 

10 1.3652 

15 1.36*6 

20 1.3639 

25 1.3625 

30 1.3612 

35 1.3603 

*0 1.3600 

*5 1.3602 

50 1.3608 

R.H.S. FLUCTUATION 

0 0.0000 » 

5 .0002 • 

10 .0011 • 

IS .002T • 

20 .0052 • 

25 .0075 • 

30 .0068 • 

35 .0087 • 

*0 .0081 * 

45 .0077 » 

50 .0077 • 


■: PHI 25 DIHEDRAL ANGLE 2.00 WAVELENGTH 


AVERAGE RANGE CORRECTION (METERS) 

0 1.3723 

5 1.3709 

10 1.3679 

15 1.3647 

20 1.3647 

25 1.3683 

30 1.3714 

35 1.3724 

40 1.3721 

45 1.3713 

50 1.3701 

R.N.S. fluctuation 

0 0.0000 • 

5 .0004 • 

10 .0018 • 

15 .0050 • 

20 .0065 • 

25 .0095 • 

30 .0088 • 

35 .0078 • 

40 .0076 • 

45 .0087 • 

50 .0100 • 


• 

0 

1.3746 

« 

5 

1.3742 

« 

10 

1.3733 

• 

15 

1.3720 

« 

20 

1.3707 

ft 

25 

1.3702 

ft 

30 

1.3705 

ft 

35 

1.3707 

ft 

<0 

1.3709 

ft 

45 

1.3713 

• 

50 

1.3715 



0 

0.0000 • 


5 

.0003 • 


10 

.0013 • 


15 

.0037 • 


20 

.0075 • 


25 

.0101 • 


30 

.0102 • 


35 

.0091 « 


40 

.0082 • 


45 

.0082 • 


50 

.0086 • 

3 


t; PHI 


ft 

0 

1.3565 

ft 

5 

1.3556 

ft 

10 

1.3493 

ft 

15 

1.3442 

ft 

20 

1.3485 

ft 

25 

1.3573 

ft 

30 

1.3627 

ft 

35 

1.3640 

ft 

40 

1.3630 

ft 

45 

1.3613 

ft 

50 

1.3600 


0 

0.0000 

ft 

5 

.0005 

ft 

10 

.0022 

ft 

15 

.0053 


20 

.0067 


25 

.0067 


30 

.0060 


35 

.0055 


40 

.0061 


45 

.0078 


50 

.0086 



R.M.S. fluctuation 


DIHEORAL ANGLE 2.00 WAVELENGTH 6943 


AVERAGE RANGE CORRECTION (METERS) 






R.M.S. FLUCTUATION 


I 


Table 12 


cn 

cn 


PHI 35 DIHEDRAL ANGLE 2.00 WAVELENGTH 69A3 


AVERAGE RANGE CORRECTION (HETER3I 


0 

1.3335 



ft 

5 

1.3287 



ft 

10 

1.3185 



ft 

IS 

1.3129 



ft 

20 

1.3233 



ft 

25 

1.3362 



ft 

30 

1.3A23 




35 

1.3A32 




AO 

1.3A21 




A5 

1.3A1A 




50 

1.3A17 







R.H.S. FLUCTUATION 


0 

0.0000 

ft 



5 

.0007 

ft 



10 

.0023 

ft 



15 

.0039 

ft 



20 

.0026 

ft 



25 

.OOAO 

ft 



30 

.00A5 

ft 



35 

.00A3 

ft 



AO 

.00A9 

ft 



AS 

.0059 

ft 



50 

.0062 

ft 





w: PHI A5 

DIHEDRAL ANGLE 2.00 

wavelength 

6943 




AVERAGE RANGE CORRECTION 

(METERS) 


0 

1.2561 




ft 

5 

1.2A92 




ft 

10 

1.23A2 




ft 

15 

1.2295 




ft 

20 

1.2A86 




ft 

25 

1.2633 




ft 

30 

1.2672 





35 

1.266e 





AO 

1.2666 





A5 

1.2688 





50 

1.270A 


R.H.S. FLUCTUATION 



0 

-0.0000 

ft 




5 

.0007 

ft 




10 

.OOlA 

ft 




15 

.0063 

ft 




20 

.0031 

ft 




25 

.OOAA 

ft 




30 

.0060 

ft 




35 

.006A 

ft 




AO 

.0072 

ft 




A5 

.0080 

ft 




50 

.0078 

ft 






yi PHI 55 


DIHEOPAL ANGLE 2.00 


NAVELENGTH 


AVERAGE RANGE v-ORRECTION IHETEK5I 

0 1.1451 

5 1.1411 

10 1.1330 

15 1.1296 

20 1.1393 

25 1.1490 

30 1.1522 

35 1.1510 

40 1.1489 

45 1.1485 

50 1.1498 

R.M.S. FLUCTUATION 

0 0.0000 • 

5 .0008 • 

10 .0025 • 

15 .0051 • 

20 .0063 • 

25 .0063 • 

30 .0064 • 

35 .uon • 

40 .0085 • 

45 .0099 • 

50 .0104 • 


O) 


Table 12. (Cent.) 




m m 


Table 13 



. Sample centroid range-correction matrices. The angles and 02, in 
microradians, are defined in Figure 8. Only half the matrix is presented 
since the value for (G^, 02^ that for (-0i, -02)* 


PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 
RANGE CORRECTION (METERS) 


50 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1,304 

1 

.304 

A5 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1,304 

1.304 

1.304 

1 

.304 

AO 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

*304 

1.304 

1.304 

1.304 

1 

.304 

35 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

• 304 

1.304 

1.304 

1,304 

1 

.304 

30 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1,304 

1 

.304 

25 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

• 304 

1.304 

1.304 

1.304 

1 

.304 

20 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1.304 

1 

.304 

15 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1,304 

1,304 

1.304 

1 

,304 

10 

1.30A 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1,304 

1 

.304 

5 

1.304 

1.304 

1.304 

1.304 

1.304 

1.3C4 

1 

• 304 

1.304 

1.304 

1,304 

1 

.304 

0 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

.304 

1,304 

1.304 

1,304 

1 

.304 

-5 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

.304 

1.304 

1.304 

1.304 

1 

.304 

-10 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1.304 

1 

,304 

-15 

1.304 

1.304 

1.304 

1.304 

1.304 

1,3C4 

1 

.304 

1.304 

1.304 

1.304 

1 

.304 

-20 

1.304 

1.304 

1,304 

1.304 

1.304 

1.304 

1 

,304 

1,304 

1,304 

1.304 

1 

.304 

-25 

1.304 

1.304 

1.30A 

1.304 

1.304 

1.304 

1 

.304 

1.304 

1.304 

1.304 

1 

.304 

-30 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

• 304 

1.304 

1.304 

1.304 

1 

.304 

-35 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

.304 

1.304 

1.304 

1,304 

1 

.304 

-AO 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1 

,304 

1.304 

1.304 

1.304 

1 

,304 

-A5 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

.304 

1.304 

1.304 

1,304 

1 

,304 

-50 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1 

,304 

1,304 

1.304 

1,304 

1 

.304 


0 

5 

10 

15 

20 

25 


30 

35 

40 

46 


50 


PHI 25 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 


®2 




RANGE 

CORRECTION 

(METERS) 




50 

1.362 

1.362 

1.362 

1.362 

1.363 

1,364 

1.367 

1.368 

1.369 

1.369 

1.368 

45 

1.360 

1.360 

1.360 

1.361 

1.363 

1.365 

1.368 

1.371 

1,373 

1,373 

1,372 

40 

1.357 

1.357 

1.358 

1.359 

1.362 

1.366 

1.370 

1.373 

1,376 

1,377 

1,377 

35 

1.357 

1.355 

1.356 

1,358 

1.362 

1.367 

1.371 

1,375 

1,377 

1.380 

1.381 

30 

1.357 

1.355 

1.355 

1.358 

1.364 

1,370 

1.374 

1,377 

1,379 

1.382 

1.384 

25 

1.356 

1,353 

1.355 

1.360 

1.367 

1,373 

1.377 

1.380 

1.382 

1.384 

1.385 

20 

1.350 

1.349 

1.355 

1.364 

1,371 

1.377 

1.382 

1.385 

1.386 

1.386 

1.386 

15 

1.337 

1,343 

1,356 

1.368 

1.375 

1.381 

1.386 

1.390 

1.391 

1.390 

1.388 

10 

1.333 

1,345 

1.359 

1,371 

1.379 

1,384 

1.390 

1.394 

1.395 

1.393 

1.389 

5 

1.351 

1.355 

1.360 

1,371 

1.379 

1.384 

1.391 

1.396 

1.396 

1.393 

1.389 

0 

1.358 

1.355 

1,356 

U368 

1.377 

1.382 

1.389 

1,394 

1.394 

1.390 

1.386 

-5 

1.351 

1.343 

1.348 

1.367 

1,376 

1.379 

1.384 

1.389 

1.389 

1.385 

1.380 

-10 

1.333 

1.331 

1.352 

1.369 

1.374 

1,375 

1.379 

1.382 

1.381 

1,377 

1,373 

-15 

1.337 

1.347 

1,361 

1.369 

1,371 

1.370 

1.373 

1,375 

1.373 

1,369 

1.367 

-20 

1.350 

1,357 

1.364 

1,367 

1.367 

1.366 

1.368 

1.369 

1.366 

1.363 

1.362 

-25 

1.356 

1.360 

1.363 

1.364 

1.363 

1.363 

1.365 

1.36A 

1.361 

1.359 

1.360 

-30 

1,357 

1.360 

1.360 

1.359 

1.359 

1.362 

1.364 

1.363 

1.359 

1.358 

1.357 

-35 

1.357 

1.357 

1,357 

1,357 

1.360 

1.364 

1.365 

1.362 

1.358 

1.356 

1.353 

-40 

1.357 

1.357 

1.358 

1.360 

1.364 

1,367 

1.367 

1.363 

1.358 

1,355 

1.350 

-45 

1.360 

1.360 

1.361 

1.364 

1.368 

1.369 

1.367 

1.363 

1.358 

1,355 

1.349 

-50 

1.362 

1.363 

1.365 

1.367 

1.369 

1.369 

1.367 

1.363 

1.359 

1.355 

1.350 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 
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Table 13. (Cent.) 



c ; PHI <>5 


DIHEDRAL ANGLE 


2.00 


wavelength 3300 


0 RANGE CORRECTION ( METERS ) 

2 


50 

1.270 

1.267 

1.266 

1.264 

1.263 

1.262 

1.258 

1.250 

1.239 

1.228 

1.222 

A 5 

1.269 

1.267 

1,265 

1.263 

1.262 

1.261 

1.260 

1.255 

1.246 

1.237 

1.231 

40 

1.268 

1.266 

1.264 

1.262 

1.260 

1.258 

1.258 

1.256 

1.252 

1.246 

1 . 2 A 2 

35 

1.262 

1.262 

1.264 

1.265 

1.263 

1.260 

1.257 

1.257 

1.256 

1.254 

1,253 

30 

1.250 

1.254 

1.261 

1.265 

1.266 

1.263 

1.261 

1.261 

1.261 

1.260 

1.260 

25 

1.240 

1.245 

1.253 

1.259 

1.261 

1.261 

1.264 

1 . 26 T 

1.268 

1.266 

1.265 

20 

1.239 

1.241 

1.244 

1.247 

1.249 

1.254 

1.264 

1,272 

1.274 

1.272 

1.267 

15 

1.223 

1,225 

1.231 

1.236 

1.238 

1.245 

1.263 

1 . 27 A 

1.277 

1.274 

1.269 

10 

1.192 

1.189 

1.196 

1.223 

1.238 

1.248 

1.264 

1.275 

1.277 

1.274 

1.270 

5 

1.239 

1.221 

1.162 

1.206 

1.250 

1.262 

1.270 

1.276 

1.276 

1.273 

1.271 

0 

1.257 

1.242 

1.166 

1.207 

1.260 

1.268 

1.272 

1.275 

1.274 

1.271 

1.272 

-5 

1.239 

1.218 

1.139 

1.227 

1.260 

1.265 

1.268 

1.272 

1.272 

1.271 

1.273 

-10 

1.192 

1.180 

1.199 

1.242 

1.256 

1.258 

1.264 

1.270 

1.272 

1.272 

1.273 

-15 

1.223 

1.226 

1.237 

1,248 

1.253 

1.258 

1.266 

1.273 

1.275 

1.273 

1.271 

-20 

1.239 

1.241 

1.246 

1.254 

1.261 

1.267 

1.274 

1.277 

1.276 

1.273 

1.268 

-25 

1.240 

1,243 

1.253 

1.266 

1.273 

1.276 

1.277 

1.278 

1.275 

1.270 

1.266 

-30 

1.250 

1.255 

1.265 

1.274 

1.277 

1.276 

1.276 

1.275 

1.273 

1.269 

1.266 

-35 

1.262 

1.266 

1.271 

1.275 

1.275 

1.273 

1.273 

1 . 27 A 

1.273 

1.270 

1.267 

-40 

1.268 

1.270 

1.272 

1.273 

1.273 

1.273 

1.276 

1.278 

1.276 

1,271 

1.266 

-45 

1.269 

1,271 

1.273 

1.274 

1.276 

1.279 

1.281 

1.280 

1.276 

1.268 

1.262 

-50 

1.270 

1.272 

1.275 

1.278 

1.280 

1.282 

1.281 

1.276 

1.268 

1.259 

1.254 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


d : PHI 60 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 






RANGE 

CORRECTION 

( METERS ) 




50 

1.074 

1.073 

1,072 

1.072 

1.072 

1.072 

1.072 

1.069 

1.060 

1.046 

1,031 

45 

1.069 

1.069 

1.071 

1.073 

1.075 

1.075 

1.074 

1.070 

1.063 

1.053 

1.041 

40 

1.062 

1.065 

1.070 

1.075 

1.078 

1.078 

1.076 

1.072 

1.065 

1.056 

1.051 

35 

1.059 

1.065 

1.072 

1.076 

1.078 

1.079 

1.077 

1.072 

1.066 

1.060 

1.056 

30 

1.062 

1.070 

1.075 

1.078 

1.078 

1.077 

1.076 

1.072 

1.065 

1.060 

1.057 

25 

1.066 

1.074 

1.079 

1.078 

1.075 

1.073 

1,073 

1.071 

1.065 

1.058 

1.056 

20 

1.062 

1.072 

1.077 

1.077 

1.071 

1.067 

1.068 

1.070 

1.066 

lr 060 

1.056 

15 

1.043 

1.056 

1.067 

1.071 

1.068 

1.063 

1.066 

1,072 

1.072 

1.067 

1.062 

10 

1.035 

I . 031 

1.047 

1.064 

1.068 

1.066 

1.070 

1,078 

1.060 

1.077 

1.071 

5 

1.059 

1.042 

1.036 

1.061 

1.072 

1.074 

1.079 

1.086 

1.067 

1.083 

1.078 

0 

1.068 

1.058 

1.046 

1.066 

1.078 

1.082 

1.086 

1.091 

1 . 09 i 

1.087 

1.083 

-5 

1.059 

1.056 

1.055 

1.073 

1.083 

1.086 

1.090 

1.093 

1.093 

1.090 

1.066 

10 

1.035 

1.040 

1.057 

1.075 

1.083 

1.066 

1.090 

1.092 

1.093 

1.091 

1.086 

15 

1.043 

1,041 

1.057 

1.073 

1.060 

1.064 

1.087 

1.090 

1.091 

1.091 

1.090 

>20 

1.062 

1 . 05 A 

1.057 

1.068 

1.077 

1.061 

1.084 

1.087 

1.090 

1.091 

1.091 

•25 

1.066 

1.058 

1.057 

1.066 

1.075 

1.080 

1.063 

1.066 

1.089 

1.092 

1.092 

•30 

1.062 

1.057 

1,060 

1.069 

1.078 

1.063 

1.065 

1.088 

1.090 

1.092 

1.092 

•35 

1.059 

1,059 

1.065 

1.075 

1.084 

1.068 

1,090 

1.091 

1.093 

1.094 

1.093 

•40 

1.062 

1.065 

1.071 

1.080 

1.088 

1.092 

1,093 

1.095 

1.096 

1.095 

1.094 

•45 

1.069 

1.071 

1.075 

1.081 

1.088 

1,092 

1.094 

1.096 

1.097 

1.096 

1.094 

• 50 

1.074 

1.074 

1.074 

1.078 

1.083 

1.067 

1.090 

1.094 

1.096 

1.096 

1.093 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 
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Table 13. (Cent.) 


e: PHI 0 DIHEDRAL ANGLE 2.00 WAVELENGTH 69A3 


Oj RANGE CORRECTION (METERS) 


50 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1.304 

1.304 

45 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

40 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1,304 

1.304 

35 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

30 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

25 

1.304 

1.304 

1.304 

1.304 

1.304 

1.3C4 

1.304 

1,304 

1.304 

1.304 

1.304 

20 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1,304 

1.304 

15 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

10 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

5 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

0 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1,304 

1.304 

-5 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1.304 

1.304 

1.304 

1.304 

-10 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

-15 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

-20 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

-25 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

-30 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

-35 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1,304 

-40 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1.304 

1.304 

1.304 

-45 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1,304 

1.304 

1.304 

1.304 

-50 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1.304 

1,304 

1.304 

1.304 
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PHI 25 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 


0, 





RANGE 

CORRECTION 

(METERS) 




50 

1 

.361 

1.360 

1,359 

1 

.361 

1.363 

1 

.365 

1.368 

1.370 

1.370 

1.371 

1.370 

45 

1 

.361 

1.360 

1.360 

1 

.362 

1.364 

1 

.367 

1.369 

1,371 

1.372 

1,372 

1,370 

40 

1 

.361 

1.360 

1.361 

1 

.364 

1.367 

1 

.369 

1,371 

1,373 

1.374 

1,373 

1.371 

35 

1 

.359 

1,359 

1.361 

I 

,365 

1.369 

1 

.372 

1.374 

1.376 

1.376 

1,376 

1.374 

30 

1 

.356 

1,357 

1.362 

1 

,367 

1.372 

1 

,376 

1,377 

1,378 

1.379 

1.379 

1.377 

25 

1 

.351 

1,355 

1.362 

1 

.370 

1.375 

1 

.379 

1.380 

1.3bl 

1.382 

1.382 

1.381 

20 

1 

.351 

1,357 

1,365 

1 

,372 

1.376 

1 

.361 

1.383 

1.363 

1.384 

1.385 

1.384 

15 


.359 

1.363 

1.368 

1 

,373 

1.379 

1 

.382 

1.383 

1.38A 

1.385 

1.387 

1,387 

10 

1 

.367 

1,369 

1.370 

1 

.373 

1,377 

1 

.381 

1.382 

1.383 

1.385 

1.387 

1.389 

5 

1 

.371 

1,371 

1,370 

1 

.371 

1.375 

1 

.379 

1.380 

1.361 

1.383 

1.386 

1.388 

0 

1 

,372 

1.371 

1.369 

1 

.369 

1.372 

1 

.377 

1.379 

1.379 

1.380 

1,384 

1.386 

-5 

1 

,371 

1.369 

1.366 

1 

.366 

1.371 

1 

,376 

1.378 

1.377 

1.377 

1.380 

1.382 

-10 

1 

,367 

1.364 

1.361 

1 

.364 

1.371 

1 

,377 

1.377 

1,376 

1.375 

1.376 

1,377 

-15 

1 

.359 

1,355 

1.355 

1 

.363 

1.372 

1 

,377 

1.377 

1.374 

1,372 

1.372 

1.371 

-20 

1 

.351 

1,349 

1.355 

1 

,365 

1.372 

1 

,375 

1,374 

1,371 

1.368 

1.367 

1.365 

-25 

1 

.351 

1.353 

1,359 

1 

,367 

1.371 

1 

.373 

1,371 

1.3b8 

1.365 

1.363 

1.359 

-30 

1 

.356 

1.358 

1.363 

1 

,367 

1,370 

1 

,370 

1.367 

1.36A 

1.362 

1,359 

1.355 

-35 

1 

.359 

1.362 

1.365 

1 

,367 

1.368 

1 

.366 

1,364 

1.361 

1.359 

1.357 

1.352 

-40 

1 

.361 

1.363 

1.365 

1 

.366 

1.365 

1 

.363 

1.361 

1.360 

1.359 

1.357 

1.352 

-45 

1 

.361 

1.363 

1.364 

1 

.364 

1.362 

1 

.361 

1.360 

1.361 

1.361 

1.358 

1.353 

-50 

1 

.361 

1.362 

1.362 

1 

.362 

1.361 

1 

.361 

1.362 

1.364 

1.364 

1.361 

1.355 
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Table 13. (Cent.) 


PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 6943 


^2 





RANGE 

CORRECTION 

(METERS) 





50 

1.266 

1 

.266 

1.267 

1.269 

1,270 

1.268 

1,263 

1,257 

1.250 

1.243 

1 

.237 

45 

1.263 

1 

.264 

1.267 

1.271 

1.273 

1.272 

1.269 

1.262 

1.254 

1,247 

1 

.240 

40 

1.260 

1 

.261 

1.265 

1.269 

1.272 

1,272 

1,270 

1.264 

1.258 

1,251 

1 

,24<> 

35 

1.261 

1 

.262 

1.264 

1.266 

1.268 

1.268 

1.266 

1.262 

1.258 

1,253 

1 

,249 

30 

1.264 

1 

.263 

1.263 

1.263 

1.263 

1.262 

1.260 

1.257 

1.255 

1.254 

1 

.253 

25 

1.262 

1 

.262 

1.262 

1.262 

1.261 

1.258 

1.255 

1,251 

1.251 

1,254 

1 

.257 

20 

1.253 

1 

.253 

1.255 

1.258 

1.260 

1.259 

1.256 

1.252 

1.252 

1.257 

1 

.262 

15 

1.236 

1 

.237 

1,241 

1.250 

1.256 

1.262 

1.261 

1.259 

1.260 

1.265 

1 

.269 

10 

1.236 

1 

.233 

1,227 

1,235 

1.253 

1.265 

1.269 

1.269 

1,271 

1,275 

1 

.277 

5 

1.251 

1 

.245 

1.230 

1.223 

1.247 

1.268 

1.276 

1,277 

1,279 

1.281 

1 

.282 

0 

1.256 

1 

.251 

1.233 

1,218 

1.246 

1.271 

1.279 

1.281 

1.282 

1.283 

1 

.283 

-5 

1.251 

1 

.245 

1.22B 

1.220 

1.252 

1,274 

1.279 

1.280 

1,279 

1.280 

1 

.280 

-10 

1.236 

1 

.231 

1,224 

1.237 

1.262 

1,274 

1,276 

1.275 

1.274 

1,274 

1 

.275 

-15 

1.236 

1 

.237 

1,243 

1.256 

1.267 

1,272 

1.271 

1.26B 

1.267 

1.268 

1 

.269 

-20 

1.253 

1 

.255 

1.259 

1.264 

1.268 

1.268 

1.266 

1.263 

1,262 

1.265 

1 

,267 

-25 

1.262 

1 

.263 

1.264 

1.266 

1.267 

1.267 

1.265 

1.264 

1.264 

1,267 

1 

,267 

-30 

1.264 

1 

.264 

1.265 

1.266 

1.268 

1.270 

1,270 

1,270 

1.270 

1,270 

1 

.269 

-35 

1.261 

1 

.262 

1.264 

1,269 

1.273 

1,276 

1.277 

1.276 

1,274 

1.271 

1 

.268 

-40 

1.260 

1 

.262 

1.267 

1.273 

1.279 

1.281 

1.281 

1,278 

1,274 

1.269 

1 

.264 

-45 

1.263 

1 

.265 

1.271 

1.277 

1.281 

1.282 

1.280 

1,275 

1.270 

1,264 

1 

.260 

-50 

1.266 

1 

.269 

1.273 

1,276 

1.278 

1,278 

1.275 

1.269 

1.264 

1.261 

1 

.258 
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h: 

PHI 60 DIHEDRAL ANGLE 2,00 WAVELENGTH 6943 


®2 




RANGE 

CORRECTION 

(METERS) 




50 

1,059 

1.062 

1,068 

1,074 

1,078 

1.081 

1.081 

l.ObO 

1,076 

1.068 

1,055 

45 

1.065 

1.068 

1,073 

1.077 

1.080 

l.Ool 

1.080 

1.078 

1.074 

1.066 

1.053 

40 

1.070 

1,074 

1,077 

1.080 

l.OBl 

1.080 

1.078 

1,075 

1.071 

1.063 

1.050 

35 

1,073 

1,076 

1.080 

1.082 

1.082 

1,079 

1.075 

1.070 

1,065 

1.059 

1.049 

30 

1.073 

1.0-f5 

1,079 

1.081 

1.081 

1.077 

1,071 

l.ObS 

1,060 

1.056 

1,050 

25 

1,067 

1.069 

1,072 

1.076 

1.078 

1,076 

1,070 

1.063 

1.056 

1.057 

1.055 

20 

1.059 

1,057 

1.062 

1.069 

1,074 

1.075 

1.072 

1.065 

1.061 

1.061 

1.063 

15 

1.061 

1.055 

1,055 

1.063 

1.072 

1,076 

1.075 

1.071 

1.067 

1.068 

1.070 

10 

1.070 

1.064 

1.058 

1.062 

1.071 

1.078 

1,079 

1.076 

1.074 

1,075 

1.077 

5 

1,077 

1.072 

1.066 

1.065 

1.074 

1.081 

1.083 

l.OBl 

1.080 

1.081 

1.082 

0 

1.078 

1.076 

1.071 

1.070 

1.077 

1.084 

1.086 

1.085 

1.064 

1.085 

1.086 

-5 

1.077 

1,076 

1.073 

1.074 

1.081 

1.087 

1.089 

1.089 

1.088 

1.089 

1.090 

-10 

1.070 

1.072 

1.073 

1,078 

1.085 

1.090 

1,092 

1,091 

1.091 

1.091 

1.091 

-15 

1.061 

1.066 

1.072 

1,080 

1.087 

1.092 

1.093 

1,092 

1.092 

1.092 

1.092 

-20 

1.059 

1.065 

1.073 

1.081 

1.088 

1.092 

1.093 

1.092 

1.091 

1.091 

1.092 

-25 

1.067 

1.069 

1.075 

1.081 

1.087 

I.O 9 O 

1.091 

1.090 

1,090 

1,090 

1.090 

-30 

1.073 

1,072 

1.075 

1.080 

1,084 

1.088 

1.089 

1.089 

1,089 

1,088 

1.089 

-35 

1.073 

1.072 

1,073 

1,076 

l.OBl 

1.085 

1.088 

1.089 

1.088 

1.087 

1.087 

-40 

1.070 

1.068 

1.069 

1.072 

1.078 

1.084 

1.088 

1.090 

1.089 

1.088 

1.087 

-45 

1.065 

1.063 

1,064 

1.069 

1.076 

1.0b4 

1,090 

1.092 

1.092 

1,090 

1.087 

-50 

1.059 

1.058 

1.061 

1.067 

1.076 

1,085 

1.092 

1.095 

1.094 

1.092 

1.088 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


70 



Figure 11. Contour plots of the centroid range-correction matrices given in Table 13. Circles of radius 25 and 
50 prad are shown to mark the minimum and maximum values of the velocity aberration. On the 
plots, the symbol B indicates that the range correction minus the average range correction in the 
25- to 50-prad annulus is equal to +2 cm; A equals +1 cm; 0 equals 0 cm; and 1 through 8 equal -1 
through -8 cm. a: <j) = 25% 6 = 21'0, \ = 5300 A. 















9. EFFECT OF OPTICAL COHERENCE 


Because of coherent interference between the reflect .*is from individual cube 
corners, the strength and shape of the laser echo from the Geos 3 array vary from 
pulse to pulse. This section contains data on th.:^ variations of the range correction 
due to coherent interference. A special set of calculations has been done to investigate 
the relationship bet/veen the incoherent range correction and the average of the coherent 
range corrections for different types of detection methods and different transmitted 
pulse lengths. Some sample pulse shapes are presented for both the coherent and the 
incoherent case. 

Table 14 lists the coherent variation of the centroid range correction as a function 
of the incidence angle c|). Each value is the rms variation of a set of ICO coherent 
returns. In Table 14a, each return has equal weight, while in Table 14b, each return 
is weighted by the ratio of the strength of the return to the strength of an incoherent 
return. This type of weighting reduces the rms deviation because of the fact that 
weaker pulses tend to have larger variations in centroid than do stronger pulses. In 
general, the fluctuation of the range correction decreases as the pulse length decreases. 
Since each rms deviation is computed from a limited number of coherent returns, the 
results should be considered as only an indication of the magnitude of tne effect 

The range corrections given in Section 8 are all for the incoherent case. In the 
mathematical model used to calculate the transfer function, the incoherent centroid 
range correction is equal to the average of the coherent centroid range corrections 
when each pulse is weighted by its intensity. It is not obvious from the model what to 
expect for different weightings or for detection methods other than centroid detection. 

A series of computer runs has been done with a large number of coherent returns to 
see how big the differences are for Geos 3, and the results are presented in Table 15. 
The runs were made at an incidence angle of 45 ® with respect to the s 5 Tnmetry axis of 
the satellite. The table lists the coherent average minus the incoherent value (A), 
the standard deviation of an individual pulse (or), the number of coherent returns in the 




Table 14. Root-mean-square deviation of centroid range correction due to coherent 

interference vs. incidence angle, a: All pulses have equal weight, b: Each 
pulse is weighted by the ratio of the stren^h of the pulse to the strength of 
m .;verage (or incoherent) pulse. 


a: Equal v/elghtlng 

.2 MS. equal MEIUHTING 


PHI 

R.M.S. 

DEVIATION OF 

(OEG) 

RANGE CORRECTION (METERS) 

0.0 

.0094 

# 

10. 0 

.0202 

# 

20.0 

.0190 

ft 

30.0 

.0189 

ft 

AO.O 

.0198 

« 

50.0 

.018? 

ft 

60.0 

.0192 

ft 


5. NS. equal weighting 


PHI 

R.M.S. 

DEVIATION OF 

(DEG) 

RANGE CORRECTION (METERS) 

0.0 

.0259 

ft 

10.0 

.0636 

ft 

20.0 

.0666 

ft 

30.0 

.0718 

ft 

40.0 

.0588 

ft 

50.0 

.0719 

ft 

60.0 

.0479 

ft 


20 NS. EQUAL WEIGHTING 


PHI 

R.M.S. DEVIATION OF 

(DEG) 

RANGE CORRECTION (METERS) 

0.0 

•0268 * 

10.0 

•0528 * 

20.0 

"im V " 

30.0 

•0861 * 

40.0 

•0676 ft 

50.0 

.0631 * 

60.0 

.0790 * 


b: Weighted by signal strength 

.2 NS. WfIGHTEO 


PHI 

R.M.S. 

DEVIATION OF 

(DEG) 

RANGE CORRECTION (METERS) 

0.0 

.0086 

ft 

10.0 

.0187 

ft 

20.0 

.0181 

ft 

30.0 

.0166 

ft 

40.0 

.0181 

ft 

50.0 

.0159 

ft 

60.0 

.0169 

ft 



5. NS. 

weighted 

PHI 

R.M.S. 

DEVIATION OF 

(DEG) 

RANGE CORRECTION (METERS) 

0.0 

.0104 

ft 

10.0 

.0364 

ft 

20.0 

.0354 

ft 

30.0 

.0434 

ft 

40.0 

.0294 

ft 

50.0 

• 0414 

ft 

60.0 

.0365 

ft 



20. NS. 

weighted 

PHI 

R.M.S. 

DEVIATION OF 

(DEG) 

RANGE CORRECTION (METERS) 

0.0 

.0121 

ft 

10.0 

.0330 

ft 

20.0 

.0324 

ft 

30.0 

.0415 

ft 

40.0 

.0390 

ft 

50.0 

.0325 

ft 

60.0 

.0414 

ft 
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Table 15. Etifference between the average range correction for a set of coherent returns and the range 

correction for the incoherent return, The pulse length is if. ? moseconds; A, cr, and are in 
millimeters. 


Pulse 

length 


N 


m 


A/(%i 


Pulse 

length 


N 


m 


A/a. 


m 


b; Centroid, weighted by signal strength 



a: Centroid, equal weiehting 


C.2 

-8. 15 

20.95 

1000 

0.66 

-12.3 

1.0 

-9. 56 

35.89 

1000 

1.14 

-8.4 

2.0 

-7. 64 

47.57 

1000 

1.50 

-5. 1 

.3.0 

-4.67 

58.46 

1000 

1.85 

-2.5 

5.0 

-2. 34 

70.06 

1000 

2.22 

-1.1 

5.0 

0.45 

65.23 

1000 

2.06 

+0.2 

c; 

Half-maximum. 

equal weighting 

0.2 

-5. 94 

13. 5S 

300 

0.78 

-7.6 

5.0 

-4.20 

67.75 

1096 

2.05 

-2.1 

20.0 

-2. 97 

94.43 

1100 

2.85 

-1.0 


e: Half-area, equal weighting 


0.2 

-10.32 

22.80 

300 

1.32 

-7.8 

5.0 

-2.87 

68.32 

1096 

2.06 

-1.4 

20.0 

-2. 53 

92.28 

1100 

2.78 

-0.9 


0.2 

-0.68 

17.51 

1000 

0.55 

-1.2 

1.0 

-0.76 

25.34 

1000 

0.80 

-0.9 

2.0 

-0.68 

32.80 

1000 

. 04 

-0.7 

3.0 

+0.83 

34.19 

1000 

1.08 

+0.8 

5.0 

+0.99 

38.26 

1000 

1.21 

+0.8 

5.0 

+0.80 

36.59 

1000 

1.16 

+0.7 

d: H^ 

-maximum, weighted by 

signal strength 

0.2 

-4. 25 

10.39 

300 

0.60 

-7.1 

5.0 

-2.44 

33.59 

1096 

1.01 

-2.4 

20.0 

-2.37 

36.62 

1100 

1.10 

-2.1 


f : Half-area, weighted by signal strength 


0.2 

-3.99 

18.59 

300 

1.07 

-3.7 

5.0 

+0.17 

36. 35 

1096 

1. 10 

0.2 

20.0 

-1.76 

37. 46 

1100 

1. 13 

-1.6 




sample (N), the standard deviation of the average = o/VN), and the ratio of the 
difference A to the standard deviation of the mean The last colunrn is a measure 

of the statistical significance of A. In Table 15a, a statistically significant difference 
occurs between the coherent average and the incoherent value of the centroid range 
correction for short transmitted pulses; this difference decreases as the pulse length 
increases. The two runs for 5.0 nsec indicate no statistically significant difference. 
Table 15b shows the same set of coherent returns weighted by sigra’. strength. For 
all pulse lengths, tht bias in the coherent average is removed, in agreement with what 
should be expected from the model. In Table 15c, for half-maximum detection, the 
magnitude of the bias is smaller; this bias is not removed when the returns are weighted 
by signal strength (Table 15d). For half-area detection (Tables 15e and 15f), weighting 
seems to be somewhat more helpful but the bias still remains. The size of the bias in 
all cases is on the order of 1 cm or less. The data in Taole 15 are probably t 3 rpical of 
incidence angles from 10 ® to 60 “ or 70 “ . At 4) = 0 % the distribution of reflectors along 
the line of sight is S3mametrical, so there is no mechanism for producing a bias. 

Sample pulse shapes for 4) = 0“ and 45° are shown in Figure 12. In each case, 
the incoherent return is givfu first, followed by one or more coherent returns. When 
the transmitted pulse is much longer than the array, as is the case for 20 and 
5 nsec, the reflection has nearly the same gaussian shape as the incident pulse does. 
Only one coherent return is given in each case for these pulse lengths. The returns 
for 0. 2 nsec tend to be irregularly shaped. Effects such as differences between the 
range correction for different types of detection systems and differences between the 
incoherent range correction and the average of the coherent range corrections seem 
to be associated with the pulse distortion that occurs when the pulse length is com- 
parable to, or less than, the size of the array. 

The position, in meters, listed in the first column of Figure 12 is measured with 
respect to the center of the pulse that would be received from a point reflector at the 
center of gravity of the satellite. The intensity in the second column is in normalized 
units such that the area under the curve is equal to the signal strength in equivalent 
number of cube comers at normal incidence. 
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Figure 12. Sample incoherent and coherent reflected pulse shapes. The intensity is 
plotted vs. the distance along the line of sight. 
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Figure 12. (Cent.) 
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10. ACCURACY OF THE RESULTS 


The cube -comer specifications give a tolerance on the cube-corner dihedral- 
angle offset of O'.'S. In addition, manufacturing errors, material inhomogeneities, or 
thermal gradients could cause deviations from the perfect optical performance com- 
puted by the transfer-function model used in this report. In order to estimate v/hat 
the effect of these imperfections might be, we have made a set of runs in which the 
dihedral-angle offset has been varied from 11*5 to 2'.’5. hi addition to computing full 
gain and centroid range-correction matrices, the half-maximum and half-area range 
correction has been calculated at a few values of 9, and 0„. 

Table 16 lists the average gain and centroid range correction in the 25- to 50-prad 

annulus as a function of dihedral-angle offset. The difference from the nominal 2'.'0 

values is listed in the columns headed A . and A . In the last two rows, 

gam range * 

instead of having all the offsets the same, we have used an equal mixture of the 
dihedral-angle offsets. This is an attempt to simulate the fact that the actual cube 
comers have some distribution of offsets within the given tolerance (the last entry 
would not actually be allowed by the specifications, since it includes 31'0 offsets). 

The computations were done for a 45 ° angle of incidence on the satellite; this angle 
shows fairly pronounced variations of the range correction with velocity aberration 
(see Table 12j) and thus probably represents a suitable worst-case situation. 

Table 16. Gain and centroid range correction vs. dihedral-angle offset. The incidence 
angle is 45"; Again and Aj-ange differences between the gain or range 

and the value for 2'.'0. 


X 

5 

Gain 

^107) 

^gain 

Centroid .*ange 
correction 
(m) 

^ range 
(m) 

5300 

1I'5 

8.8817 

+0.4571 

1.2659 

-0.0012 

5300 

2.0 

8.4246 

0 

1.2671 

0 

5300 

2.5 

4. 9797 

-3.4449 

1.2556 

-0.0115 

6943 

1.5 

7.5060 

+0.2621 

1.2660 

-0.0016 

6943 

2.0 

7.24?:: 

0 

1.2676 

0 

6943 

2.5 

5. 1599 

-2.0840 

1.2628 

-0.0048 

5300 

1.5, 2.0, 2.5 

7.5191 

-0. 90.55 

.1.2661 

-0.0010 

5300 

2. 0,2. 5, 3.0 

5.3068 

-3. 1178 

1.2637 

-0.0034 
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Tables 17 to 20 and Figures 13 and 14 give the complete details for the cases 
summarized in Table 16. In Table IS, the shift of the energy distribution from small 
to large values of velocity aberration as the dihedral -angle offset increases can be 
seen. Figure 13 illustrates the shift in more detail. The largest deviation of the cen- 
troid range correction between 25 and 50 prad occurs in Table 20c for 6 = 21'5 and 

o 

\ = 5300 A. At 25 prad, the aA»^erage centroid range correction is 1.2089 m, which is 
5.8 cm less than the nominal centroid range correction of 1.2671 m. Figure 14c 
shows that deviations of 8 cm occur at some spots; this is, of course, an extremely 
unlikely situation. The variation of the range correction within the far-field pattern 
is reduced when a mixture of offsets is used. For example, the deviation of the 
average centroid range correction at 25 prad for X. = 5300 A is reduced from 1. cm 
for 6 = 2V’0 (Table 20b) to 0. 5 cm for a mixture of dihedral angles whose average is 
2'.'0 (Table 20g). The corresponding maximum centroid range deviation is reduced 
from almost 3 cm (Figure 14b) to a little over 1 cm (Figure 14g). Considering that it 
is unlikely that all the dihedral-angle offsets are 2'.'5 and that some mixture of angles 
is certainly present, the maximum systematic error in the range correction is 
probably something between the values of 3 and 1 cm in Figi.res 14b and 14g. 

To estimate the uncertainty in the range correction for other pulse -detection 
methods, we have peiformed computations for selected points in the far field and for 
two different dihedral- angle offsets. The data in Table 21 were computed for 
X = 5300 A, 4> = 45 “, and a 0.2-nsec incident pulse. By using the reflectivity curve 
for X = 5300 A in Figure 7, the total range corrections for the three pulse-detection 
methods are as follows; 

centroid = 1. 2669 m 

half-maximum = 1. 3030 m 
half-area = 1.2855 m . 

The columns headed A give the difference between each value and the nominal values 
above. 
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Table 17. Gain-function matrices for various dihedral-angle offsets. The angles Gj 
and 02, in microradians, are defined in Figure 8. Only half the matrix is 
presented since G(0j^, 02 ) = G(- 02 , - 02 )* 


a: PHI 45 DIHEDRAL ANGLE 1.50 WAVELENGTH 5300 




50 

2.80 

3.13 

3,43 

45 

5.65 

6.12 

6.46 

40 

8.37 

9.27 

10.37 

35 

9.36 

10.95 

13.44 

30 

11.24 

12.89 

15.36 

25 

16.47 

17.30 

17.81 

20 

19.52 

19.92 

19.46 

15 

15.01 

15.81 

16.54 

10 

10.92 

10.99 

11.08 

5 

15.63 

12.89 

8.48 

0 

20.28 

15.32 

7.75 

-5 

15.63 

11.55 

6.57 

-10 

10.92 

9.25 

8.53 

-15 

15.01 

14.30 

14.14 

-20 

19.52 

18.35 

16.73 

-25 

16.47 

15.29 

14.18 

-30 

11.24 

10.74 

11.37 

-35 

9.36 

9.22 

10.08 

-40 

3.37 

8.03 

7.92 

-45 

5.65 

5.20 

4.65 

-50 

2.80 

2.50 

2.21 


0 

5 

10 


GAIN FUNCTIOl. <l.E+7) 


3.55 

3.37 

2.92 

2.32 

6.33 

5.60 

4.60 

3.65 

10.63 

9.32 

7.12 

5.21 

15.02 

13.91 

10.66 

7.40 

17.19 

16.40 

13.06 

9.29 

17.65 

15.89 

12.73 

9.57 

17.83 

14.81 

11.29 

8.68 

16.40 

14.17 

10.65 

8.12 

12.55 

12.88 

10.78 

8.72 

8.77 

11.17 

11.33 

10.40 

6.92 

10.41 

12.12 

12.03 

7.37 

11.02 

12.42 

12.09 

10.49 

12.26 

11.69 

10,49 

14.07 

12.72 

10.34 

8.69 

14.72 

12.13 

9.56 

7.95 

13.26 

11.81 

9.70 

7.74 

12.16 

11.47 

9.12 

6.60 

10.54 

’.23 

6.64 

4.42 

7.23 

5.61 

3.77 

2.61 

3.85 

2.89 

2.11 

1.68 

1.88 

1.53 

1.21 

.94 

15 

20 

25 

30 


1.69 

1.20 

.93 

.60 

2.75 

1.91 

1.32 

1.02 

3.86 

2.74 

1.66 

1.34 

5.16 

3.64 

2.49 

1.77 

6.49 

4,50 

3.03 

2.13 

7.13 

5,12 

3.45 

2.34 

7.07 

5,57 

3.93 

2.62 

7.10 

6.15 

4.63 

3.12 

8.03 

7.16 

5.36 

3.56 

9.92 

8.49 

5.84 

3.64 

11.52 

9,42 

6.05 

3.56 

11.39 

9.28 

6.07 

3.69 

9.75 

8.29 

5,92 

3.89 

8.08 

7,16 

5.48 

3.77 

7.12 

6.11 

4.65 

3.22 

6.28 

4,90 

3.55 

2.50 

4, Si 

3,49 

2.46 

1.83 

3.15 

2.29 

1.62 

1.24 

2.04 

1.52 

1.03 

.77 

1.34 

.93 

.60 

.46 

.67 

.45 

.34 

.31 

35 

40 

45 

50 


b; PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 5300 


®2 


50 

7.25 

7.87 

8.31 

45 

9.69 

10.40 

10.80 

40 

11.40 

12.23 

12.87 

35 

10.23 

11.54 

13.30 

30 

7.56 

9.19 

11.70 

25 

6.73 

7.94 

9.58 

20 

6.90 

7.45 

7.86 

15 

4.87 

5.23 

5.54 

10 

2.90 

2.91 

2.88 

5 

4.72 

3.56 

1.73 

0 

6.71 

4.57 

1.53 

-5 

4.72 

3.00 

1.19 

10 

2.90 

2.26 

2.24 

15 

4.87 

4.59 

4.73 

20 

6.90 

6.37 

6.12 

25 

6.73 

6.19 

6.52 

'30 

7.56 

7.21 

8.01 

35 

10.23 

9.73 

9.75 

40 

11.40 

10.53 

9.50 

45 

9.69 

8.72 

7.54 

50 

7.25 

6.50 

5.63 


0 

5 

10 


GAIN FUNCTION 

(l.E*7) 

8.48 

8.24 

7,57 

6,43 

10.74 

10.20 

9,34 

8.16 

12.82 

11.78 

10.31 

8,98 

14.26 

13.37 

11.31 

9,51 

13.61 

13.42 

il.59 

9.83 

10.88 

10.87 

9,96 

9,23 

7.93 

7.46 

7,18 

7,67 

5.54 

5.06 

4.93 

5,98 

3.42 

3,79 

4,05 

5,23 

2.05 

3,50 

4,64 

5,99 

1.73 

4.03 

5,95 

7,40 

2.25 

4,78 

6.66 

7,99 

3.64 

5.28 

6.45 

7,72 

5.21 

5.62 

6.31 

7,76 

6.19 

6.41 

7,12 

8.48 

7.38 

7,98 

8,32 

8,84 

9.02 

9,05 

8.36 

7,94 

9.47 

6.31 

6,96 

6,37 

8.13 

6.58 

5.52 

5,21 

6.26 

5.19 

4.57 

4.23 

4.75 

3.97 

3.36 

2,79 

15 

20 

25 

30 


4.98 

3.58 

2.56 

lc92 

6.57 

4.80 

3,39 

2.50 

7.55 

5,82 

4,24 

3.13 

8.11 

6,5-" 

5.02 

3.83 

8,50 

7.04 

5.55 

4.38 

8,58 

7.35 

5.82 

4,59 

6.14 

7.54 

6.13 

4,75 

7,35 

7,58 

6.57 

5.16 

6.89 

7,47 

6,78 

5.58 

7.34 

7.45 

6,56 

5,66 

8.23 

7,62 

6,35 

5.63 

6.66 

7,97 

6,68 

5.90 

8.75 

8,56 

7,46 

6.33 

9.13 

9,17 

7,96 

6,37 

9.52 

9.16 

7,66 

5,94 

9.06 

8.22 

6,72 

5,30 

7,64 

6,77 

5.56 

4.51 

6.11 

5,37 

4.37 

3,49 

4.92 

4.11 

3.13 

2.36 

3.66 

2,76 

1.94 

1.40 

2.14 

1.49 

1.02 

.75 

35 

40 

45 

50 
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Table 17. (Cont.) 



C; 

Phi 45 

DIHEDRAL 

ANGLE 

2.50 

WAVELENGTH 5300 





GAIN 

FUNCTION U 

,E*7) 




50 

9.08 

9.57 

9.69 

9.64 

9,50 

9,20 

8,5l 

7.36 

6.11 

5,10 

45 

8.45 

9.01 

9.23 

9.26 

9.23 

9.15 

8,77 

7 . b6 

6.69 

5,73 

40 

7,72 

8.13 

8.24 

8.12 

7.88 

7,61 

7,89 

7.64 

6.97 

6.26 

35 

5,70 

6.14 

6.60 

6.81 

6.52 

6.26 

6.58 

7,00 

6,99 

6.73 

30 

2.98 

3.58 

4, 50 

5,21 

5.18 

5,02 

5,55 

6,37 

6.79 

6.89 

25 

1.65 

2.11 

2.73 

3.27 

3,42 

3.76 

4.81 

5.93 

6.42 

6.52 

20 

1.74 

1.86 

1.84 

1.76 

1.79 

2.52 

4,07 

5.49 

5.99 

5.92 

15 

1.50 

1.50 

1.31 

1.04 

.93 

1.57 

3.11 

4,69 

5.43 

5,44 

10 

1.31 

1.21 

,87 

.72 

.70 

1.06 

2.20 

3.06 

4.62 

4.98 

5 

2.58 

2.00 

.93 

.66 

.93 

1.28 

2.02 

3.00 

3.76 

4.38 

0 

3.62 

2.60 

1.02 

.78 

1.43 

1.98 

2.46 

2.93 

3.32 

4.03 

-5 

2.58 

1.70 

.69 

.89 

1.73 

2.35 

2.84 

3.28 

3.69 

4.46 

-10 

1.31 

.92 

.69 

1.06 

1.67 

2.30 

3.20 

4.19 

4,92 

5.55 

-15 

1.50 

1.30 

1.17 

1.25 

1.60 

2.52 

4.10 

5.62 

6.41 

6.61 

-20 

1.74 

1.47 

1.30 

1.45 

2.02 

3.32 

5,27 

6.86 

7.39 

7.24 

-25 

1.65 

1.39 

1.55 

2,15 

2.95 

4,17 

5,90 

7.26 

7,65 

7.56 

-30 

2.98 

2.73 

2.92 

3,34 

3.71 

4.41 

5,78 

7,03 

7,50 

7,53 

-35 

5.70 

5.21 

4.72 

4.24 

3.91 

4.29 

6,53 

6.67 

7,04 

6.91 

-40 

7,72 

6.88 

5.74 

4.65 

4,09 

4.46 

5.A7 

6,17 

6.13 

5.71 

-45 

8.45 

7,46 

6.18 

5.04 

4.48 

4,64 

5.06 

5.13 

4,76 

4.27 

-50 

9.08 

8.10 

6,77 

5,47 

4,58 

4,17 

3.98 

3.69 

3.32 

2.96 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 



d; 

PHI 45 DIHEDRAL ANGLE 1.50 

WAVELENGTH 6943 

®2 




GAIN FUNCTION (1 

.£♦7) 




50 

2.66 

2,98 

3.53 

4.10 

4,34 

4.02 

3.22 

2.31 

1.62 

1.21 

45 

3.52 

3.92 

4.61 

5,41 

5.92 

5.72 

4,79 

3.54 

2.46 

1.75 

40 

5.88 

6.16 

6.50 

6.92 

7,19 

6.89 

5.91 

4.54 

3.26 

2.32 

35 

10.09 

10.11 

9,74 

9.23 

8.61 

7.72 

6.46 

5.03 

3.73 

2.74 

30 

14.10 

13.99 

13.22 

12.03 

10.56 

8.65 

7.02 

5.32 

3.94 

2.95 

25 

15.02 

15.08 

14.65 

13.77 

12.36 

10.37 

8.03 

5.83 

4.18 

3.11 

20 

13.19 

13,44 

13.47 

13.38 

12.88 

11.47 

9,15 

6.60 

4,59 

3.39 

15 

13.29 

13.15 

12.31 

11,87 

11.93 

11.46 

9.74 

7.26 

5,12 

3.84 

10 

19.23 

17.83 

14.15 

ll.iO 

10.53 

10.54 

9.60 

7.60 

5.66 

4.46 

5 

28,27 

25.24 

18,08 

11.93 

9.50 

9.43 

9.12 

7.73 

6.15 

5.12 

0 

32.69 

28.69 

19.77 

12.01 

8.76 

8.67 

8.75 

7.77 

6,47 

5.54 

-5 

28.27 

24.57 

16.91 

10.55 

6.22 

8.50 

8.66 

7.70 

6.41 

5.47 

-10 

19.23 

16.79 

12.33 

9.10 

8.45 

8.96 

8.71 

7.33 

5,90 

4.90 

-15 

13.29 

12.12 

10,46 

9.60 

9.69 

9.63 

8.53 

6.69 

5.05 

4.05 

-20 

13.19 

12.62 

11,97 

11.46 

10.87 

9.68 

7.78 

5.70 

4,13 

3.25 

-25 

15.02 

14.45 

13.47 

12.19 

10.60 

8.68 

6.59 

4.74 

3,45 

2.71 

-30 

14.10 

13.42 

12,12 

10.51 

8.82 

7.13 

5.51 

4.11 

3,07 

2.38 

-35 

10.09 

9.51 

8.58 

r.61 

6.75 

5.86 

4.83 

3.73 

2.77 

2.05 

-40 

5.88 

5.58 

5.36 

5.31 

5.30 

4.99 

4.22 

3. IS 

2,23 

1.56 

-45 

3.52 

3.44 

3.65 

4.03 

4.26 

4.01 

3.23 

2.26 

1.47 

1.00 

-50 

2.66 

2.63 

2,83 

3.06 

3.07 

2.67 

1.97 

1.26 

.81 

.60 
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4.24 

4,93 

5.53 

6.19 
6.65 

6.47 
5.78 

5.20 

4.96 
4.88 
5.01 

5.48 
6,09 
6.55 

6.96 
7.35 
7o27 
6.41 
5.06 
3,71 

2.54 

50 


.97 

1.32 

1.70 
2.01 
2.22 
2.40 
2.66 

3.10 

3.70 
4.31 
4.68 
4.61 

4.11 
3.39 
2,73 
2.26 
1.91 
1.54 
1.13 

.74 

.50 

50 


Table 17. (Cent.) 





PHI ^5 DIHEDRAL ANGLE t.OO WAVELENGTH 69A3 


0 GAIN FUNCTIOfl U.E^T) 

A 


50 

5.31 

5,79 

6.50 

7.15 

7,33 

6,78 

5.68 

4.46 

3.45 

2.72 

2.12 

45 

5.59 

6,26 

7,36 

8.51 

9,13 

8,75 

7,46 

5.83 

4.40 

3,36 

2,58 

40 

6.32 

7,02 

8.11 

9.31 

10.04 

9.80 

8.55 

6.62 

5.21 

3.97 

3.03 

35 

8.28 

8.80 

9.39 

9,97 

10.21 

9,74 

8.53 

6,96 

5.51 

4.33 

3.36 

30 

10.54 

10.82 

10.88 

10.70 

10,19 

9,20 

7.84 

6,44 

5.28 

4.37 

3.56 

25 

10.89 

11.13 

11.14 

10.83 

10.06 

8.77 

7.20 

5.81 

4.86 

4.25 

3.68 

20 

8.67 

9.02 

9,35 

9,56 

9,33 

8.39 

6.90 

5, '♦9 

4.62 

4,21 

3.86 

15 

6.28 

6,54 

6. 76 

7,26 

7,79 

7,69 

6,75 

5,54 

4,77 

4.50 

4.25 

10 

6.69 

6.39 

5.45 

5,23 

5.98 

6.72 

6,60 

5,90 

5.38 

5.20 

4.89 

5 

9.50 

8.35 

5,73 

4.16 

4,60 

5.C8 

6.56 

6,47 

6.25 

6.11 

5.61 

0 

11.15 

9.42 

5.89 

3.62 

3,92 

5,53 

6.70 

7.00 

6.96 

6,79 

6.10 

-5 

9.50 

7.86 

4.92 

3,31 

4.01 

5,75 

6,91 

7.18 

7.09 

6.86 

6.12 

-10 

6.69 

5,64 

4.20 

3.89 

5.01 

6.40 

7,01 

6.86 

6,57 

6.29 

5.67 

-15 

6.28 

5,78 

5,47 

5.84 

6,65 

7,12 

6.85 

6.19 

5.71 

5.46 

5.04 

-20 

8«67 

8.34 

8.17 

8.16 

8.03 

7,45 

6.46 

5,52 

4,99 

4.77 

4.47 

-25 

10.89 

10.45 

9,88 

9,23 

8.39 

7.31 

6.14 

5.19 

4.65 

4.36 

4.02 

-30 

10.54 

10.00 

9.33 

8.64 

7,94 

7.09 

6,12 

5.23 

4.57 

4,07 

3.55 

-35 

8.28 

7,84 

7,56 

7,49 

7.42 

7.04 

6,24 

5.24 

4.33 

3.61 

2.96 

-40 

6.32 

6.06 

6.25 

6.73 

7.06 

6.82 

5,92 

4.72 

3,67 

2.89 

2.28 

-45 

5.59 

5,45 

5.75 

6.21 

6.38 

5,90 

4.83 

3.64 

2,71 

2.10 

1.66 

-50 

5.31 

5.15 

5.23 

5.30 

5.05 

4.34 

3.35 

2.44 

1.85 

1.50 

1.22 


0 

f: 

5 10 15 20 25 30 35 40 45 

PHI 45 DIHEDRAL ANGLE 2.50 WAVELENGTH 6943 

GAIN FUNCTION <1.E^7) 

50 

50 

6.66 

7,12 

7.67 

8.11 

8.14 

7,64 

6,76 

5.84 

5,07 

4.36 

3.61 

45 

6.01 

6.65 

7,59 

8.53 

8.99 

8 . 64 

7,64 

6.47 

5.49 

4.71 

3.95 

40 

5.06 

5,79 

6.93 

8.16 

8.94 

8.85 

7.98 

6.81 

5.81 

5,00 

4.23 

35 

4.79 

5,43 

6.34 

7,33 

8.00 

7,99 

7,36 

6.51 

5,77 

5,13 

4.43 

30 

5,19 

5.60 

6.06 

6,49 

6.68 

6.49 

6,03 

5.59 

5.30 

5,03 

4,54 

25 

5,10 

5.35 

5.54 

5.61 

5.46 

5.06 

4.63 

4.46 

4.58 

4,72 

4,55 

20 

3.83 

4.03 

4.25 

4.39 

4.33 

4.00 

3.62 

3.55 

3,90 

4,36 

4.51 

15 

2.33 

2.52 

2.65 

2.91 

3,19 

3.23 

3.08 

3.11 

3.56 

4,18 

4.50 

10 

2.36 

2.22 

1,77 

1.72 

2.18 

2.71 

2.98 

3.23 

3,76 

4.38 

4,64 

5 

3.69 

3.11 

1.81 

1.13 

1.57 

2.51 

3.26 

3.81 

4.41 

4.91 

4.93 

0 

4.52 

3.63 

1.87 

.90 

1.39 

2.64 

3.73 

4,49 

5.10 

5,44 

5,21 

-5 

3.69 

2.85 

1.43 

.85 

1.61 

2,97 

4.10 

4.85 

5,40 

5.66 

5,35 

-10 

2.36 

1.84 

1.21 

1.30 

2.23 

3,38 

4.20 

4,76 

5,25 

5.55 

5,38 

-15 

2.38 

2.15 

2.08 

2,46 

3,14 

3.74 

4.11 

4.46 

4,96 

5,39 

5.41 

-20 

3.83 

3.66 

3.63 

3,78 

3.96 

4.03 

4,07 

4.34 

4,88 

5.38 

5,47 

-25 

5.10 

4.84 

4,64 

4.53 

4,45 

4,35 

4.34 

4.59 

5,07 

5,46 

5,42 

-30 

5.19 

4.86 

4,69 

4.72 

4,84 

4,91 

4,93 

5,05 

5,26 

5.37 

5.11 

-35 

4,79 

4.50 

4.59 

4.99 

5,43 

5.61 

5.47 

5,26 

5.11 

4.92 

4.50 

-40 

5.06 

4.83 

5.08 

5.60 

6,00 

5,94 

5.46 

4,90 

4.50 

4.19 

3,76 

-45 

6.01 

5.78 

5.87 

6.07 

6.03 

5,55 

4,78 

4.10 

3.69 

3.43 

3.08 

-50 

6«66 

6.35 

6.12 

5.84 

5,34 

4,60 

3.83 

3.28 

3.02 

2.83 

2.51 
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Table 17. (Cent.) 


02 

g: 

1.50 

PHI 45 DIHEDRAL ANGLE 2.00 

2.50 

GAIN FUNCTIOf. (1 

wavelength 5300 
.£♦7) 


50 

6.1R 

6.83 

7.19 

7.23 

6.95 

6.40 

5.58 

4,53 

3.48 

2.66 

;.,ii 

45 

7.69 

8.41 

8.83 

8.77 

8.25 

7.50 

6.65 

5.53 

4.23 

3.18 

2.51 

40 

8.90 

9.85 

10.73 

10.85 

9.85 

6.36 

7.16 

6,09 

4,85 

3.71 

2,92 

35 

8.18 

9.6l 

11.60 

12.74 

11.82 

9.57 

7,65 

6.42 

5,30 

4.26 

3.47 

30 

7.07 

8.60 

10.93 

12.67 

12.25 

10.09 

8.02 

6,70 

5.62 

4.68 

4.00 

25 

8.35 

9.23 

10.29 

10.96 

10.37 

8.87 

7,62 

6,b0 

5.86 

4,89 

4.23 

20 

9.68 

10.01 

10.03 

9.48 

8.23 

7.02 

6.68 

6.70 

6.15 

'5.13 

4.28 

15 

7.21 

7.63 

8.11 

8.14 

7.16 

5.98 

5.94 

6.63 

6.58 

5.59 

4,46 

10 

4.66 

4„72 

4.98 

6.06 

6.45 

5.B3 

5,93 

6.89 

7,06 

6.01 

4.69 

5 

7.13 

5.61 

3.45 

4.18 

6.90 

6.36 

6,76 

7,62 

7.43 

6,04 

4,73 

0 

9.76 

7.00 

3.13 

3.47 

5.97 

7.18 

7,69 

8,17 

7,45 

5.83 

4,70 

-5 

7.13 

4. 97 

2.70 

3.96 

6.46 

7.39 

7,61 

7,85 

7,16 

5.79 

4,91 

-10 

4.66 

3.94 

4.01 

5.64 

6.87 

6.76 

6,72 

7,16 

6.98 

6.09 

5.25 

-15 

7.21 

6.96 

7.13 

7.38 

6.94 

6.23 

6.36 

7.09 

7.14 

6.35 

5,32 

-20 

9.68 

9.09 

8.47 

7.90 

7.24 

6.84 

7.13 

7,5A 

7.19 

6.17 

5.07 

-25 

8.35 

7.72 

7.68 

8.13 

8.33 

6.09 

7,84 

7.50 

6.68 

5.61 

4,71 

-30 

T.07 

6.73 

7.56 

8.76 

6.98 

6.12 

7,20 

6.54 

5,75 

4.92 

4.26 

-35 

8.18 

7.76 

8.14 

8.40 

7.66 

6.39 

5,62 

5.30 

4,82 

4.18 

3.57 

-40 

8.90 

8.14 

7.47 

6.57 

5.41 

4.56 

4,40 

4.37 

3,94 

3.29 

2.68 

-45 

7.69 

6.78 

5.77 

4.74 

3.94 

3.bl 

3.58 

3.38 

2,85 

2.27 

1.81 

-50 

6.18 

5.35 

4.48 

3.70 

3.13 

2.79 

2.50 

2.12 

1,70 

1.37 

1.12 


0 

h; 

5 10 15 20 25 30 

2.00 

PHI 45 DIHEDRAL ANGLE 2.50 W 

3.00 

GAIN FUNCTIOn (l.E>7) 

35 40 45 

AVELFNGTH 5300 

50 

50 

7.16 

7.72 

8.00 

8.06 

7.95 

7.60 

6.90 

5.87 

4.83 

4.12 

3.63 

45 

7.24 

7.80 

8.07 

8.10 

7.96 

7.73 

7.27 

6.38 

5.34 

4.63 

4.18 

40 

7.26 

7.77 

8.10 

8.08 

7.63 

7.16 

6.89 

6.43 

5.69 

5.07 

4.61 

35 

5.85 

6.59 

7.59 

8.15 

7.66 

6.76 

6.35 

6.21 

5,85 

5.45 

5.04 

30 

3.62 

4.58 

6.15 

7.36 

7.24 

6.37 

5,97 

6.00 

5.85 

5.63 

5.37 

25 

2.75 

3.45 

4.52 

5.41 

5.49 

5.23 

5.45 

5.81 

5.72 

5.47 

5.31 

20 

3.00 

3.25 

3.48 

3.55 

3.42 

3.67 

4.61 

5.47 

5.53 

5.17 

4.92 

15 

2.28 

2.42 

2.50 

2.42 

2.19 

2.47 

3,65 

4,90 

5,27 

4.96 

4.59 

10 

1.51 

1.49 

1.41 

1.60 

1.72 

2.00 

3.06 

4.39 

4.93 

4,74 

4.41 

5 

2.82 

2.13 

1.03 

1.11 

1.75 

2.32 

3.29 

4,35 

4.64 

4,40 

4.28 

0 

4.07 

2.80 

.98 

1.01 

2.11 

3.00 

3.88 

4,58 

4,51 

4.23 

4.37 

-5 

2.82 

1.78 

.68 

1.17 

2.35 

3.19 

4.00 

4.68 

4,74 

4,63 

4.84 

-10 

1.51 

1.11 

1.02 

1.64 

2.31 

2.86 

3,87 

4,98 

5,47 

5.49 

5,41 

-15 

2.28 

2.11 

2.10 

2.23 

2.38 

2.96 

A. 33 

5.76 

6,35 

6.16 

5.72 

-20 

3.0C 

2.74 

2.65 

2.80 

3.12 

3.93 

5.32 

6.51 

6,74 

6.32 

5.83 

-25 

2.75 

2.54 

2.95 

3.78 

4.45 

5.05 

5.91 

6.57 

6,54 

6.20 

5.94 

-30 

3.62 

3.49 

4.12 

4.96 

5.25 

5.25 

5,65 

6.13 

6.18 

6,03 

5.85 

-35 

5.85 

5.51 

5.46 

5.33 

4.90 

4.69 

5.19 

5.80 

5.88 

5.64 

5,27 

-40 

7.26 

6.59 

5.77 

4.93 

4.32 

4.40 

5.06 

5,52 

5.34 

4,86 

4.34 

-45 

7.24 

6.41 

5.43 

4.58 

4.16 

4.34 

4,70 

4,70 

4.29 

3.81 

3.38 

-50 

7.16 

6.33 

5.36 

4.49 

3.95 

3.74 

3,60 

3,35 

3.03 

2.78 

2.52 
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Table 18. Gain functicm vs. velocity aberratitai for various dihedral-angle offsets. 

The average and rms deviations are computed around a circle in the fer 
field whose radius is the velocity aberration listed, in microradians, in 
the first colunm. 



•r PHI 45 

dihedral angle i«so wavelength 

AVERAGE GAIN FUNCTION (UEftT) 

0 

20.28 


5 

14.66 


10 

9.63 


15 

11.08 


20 

14.57 


25 

14.38 


30 

12.29 


35 

10.90 


AO 

9.11 


A5 

6.31 

ft 

50 

3.86 

ft 

R.H,S. FLUCTUATION 

0 

0.00 • 


5 

.45 • 


10 

1.36 • 


15 

2.92 

ft 

20 

3.31 

ft 

25 

2.36 

ft 

30 

2.18 

ft 

35 

2.38 

ft 

AO 

1.90 

ft 

A5 

1.17 • 


50 

,87 • 



ft 


b: Phi dihedral ANGLE ^.00 WAVELENGTH 

AVERAGE GAIN FUNCTION (l.E*7» 


0 

6.71 

ft 

5 

4.30 

ft 

10 

2.33 

ft 

15 

3.25 

ft 

20 

5.18 

ft 

25 

6.29 

ft 

30 

7.62 


35 

9.25 


AO 

9.57 


A5 

0.41 


50 

6.87 

ft 



ft.H.S* FLUC1UATI0N 

0 

0.00 4 


5 

.19 • 


10 

.56 • 


15 

1.13 

* 

20 

1.23 

ft 

25 

1.24 

ft 

30 

1.68 

ft 

35 

1.99 

ft 

AO 

U92 

ft 

A5 

1.67 

ft 

50 

( 1.41 

ft 


5300 


ft 

ft 





'5 X \ 




112 


Table 18. (Cent.) 


et PHI «5 DIHEDRAL ANGLE 2.90 HAVELENGTH 9300 


AVERAGE GAIN FUNCTION ll.E«T) 


0 3.62 

9 2.60 

10 1.16 

19 1.02 

20 1.33 

23 1.67 

30 2.6S 

35 6.26 

60 9.32 

63 6.30 

30 6.83 


R.N.S. fluctuation 


0 0.00 • 

3 .10 • 

10 .13 • 

IS .28 • 

20 .31 • 

25 .61 » 

30 .56 • 

35 .96 • 

60 1.33 

65 1.68 

SO 1.56 


d: PHI 65 dihedral ANGLE 1.50 S!*VELENGTH 6963 


AVERAGE GAIN FUNCTION (l.E*T) 


0 32.69 

5 27.53 

10 19.20 

15 12.76 

20 10.98 

25 11.65 

30 11.36 

35 9.26 

60 6.77 

65 5.06 

50 3.98 


« 


« 




« 


« 




R.N.S. FLUCTUATION 


0 0.00 * 

5 .67 • 


10 

.65 

• 

15 

.87 

• 

20 

1.7 

II 

25 

2.2. 

ft 

30 

1.91 

ft 

35 

1.16 

ft 

60 

.86 

ft 

65 

.96 

ft 

so 

.90 

ft 
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Table 18. (Cent.) 


e: PHI 4$ DIHEDRAL ANGLE 2.00 WAVELENGTH A9A3 


AVERAGE GAIN FUNCTION {l.E*TI 


0 

11. IS 

5 

9.11 

10 

6.26 

15 

S.06 

20 

6,26 

25 

8.06 

30 

B.S6 

35 

T.BS 

40 

T.OO 

45 

6.68 

50 

S.8T 

0 

0.00 • 

5 

.19 

10 

.61 

15 

l.OS 

20 

1.T3 

25 

1.9S 

30 

.1.62 

35 

1.26 

40 

1.32 

45 

1.66 

50 

1.30 


R.H.S. fluctuation 


fi PHI AS DIHEDRAL ANGLE 2.30 WAVELENGTH 69A3 


AVERAGE GAIN FUNCTION (l.E*Tt 


R.N.S. FLUCIUATION 


0.00 • 

.10 • 

.23 « 

.36 

.ee 

.96 

.BT 

.9A 

1.16 

1.29 

1.26 
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Table 18. (Cent.) 


1.50 

l: PHI 45 DIHEDRAL ANGLE 2.00 WAVELENGTH 

2.50 


AVERAGE GAIN FUNCT10r4 U.E^T) 


0 

9.76 

5 

6.62 

10 

6. OB 

15 

S.32 

20 

7.69 

25 

7.78 

30 

7.7* 

35 

a. 37 

40 

8.22 

45 

6.96 

SO 

S.67 


0 

0.00 * 


5 

.23 • 


10 

.6* * 



1.33 

ft 

20 

l.*2 

ft 

25 

1.15 

ft 

30 

l.*7 

ft 

35 

1.72 

ft 

40 

1.53 

ft 

45 

1.28 

ft 

50 

1.16 

ft 






ft 


ft 



ft 


R.M.S. fluctuation 


2.00 

h: PHI 45 DIHEDRAL ANGLE 2.$0 WAVELENGTH 

S.OO 


AVERAGE GAIN FUNCTION (l.E^TI 


0 

*.07 

5 

2.60 

10 

1.29 

15 

1.57 

20 

2.3* 

25 

2.85 

30 

3.86 

35 

5.25 

40 

5.9* 

45 

5.9* 

50 

5.68 


0 

0.00 • 

5 

.12 

n 

.2* 

15 

.*7 

20 

.*8 

25 

.5* 

30 

.81 

35 

.98 

40 

1.08 

45 

1.15 

50 

1.18 


II 


ft 


ft 


ft 

ft 


ft 


ft 

ft 

ft 

R.N.S. FLUCTUATION 


5300 


5300 
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Figure 13. Contour plots of the gain-function matrices given in Table 17. Circles of radius 25 and 50 prad are 
shown to mark the minimum and maximum values of velocity aberration. The numbers are the gain 
function in units of 10^. The contour levels are plotted at 8, 4, 2, 1, and 0.5X10^. a; 4>=45®, 

6 = r.'5, X = 5300 A. 
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Table 19. Centroid range-correction matrices for various dihedral-angle offsets. 

The angles 0j^ and ©2 are defined in Figure 8. Only half the matrix is pre- 
sented since the value for © 2 ) equals that for (■ Gjj - 02 )* 


PHI ^5 DIHEDRAL ANGLE 1*50 WAVELENGTH 5300 


®2 




RANGE 

CORRECTION 

( METERS ) 




50 

1.261 

1.260 

1.260 

1.259 

1.257 

1.253 

1.245 

1.230 

1.211 

1,199 

1.199 

45 

1,265 

1.264 

1.262 

1.261 

1.257 

U252 

1,247 

1,239 

1.223 

1.205 

1.200 

40 

1.266 

1.266 

1.267 

1.267 

1.264 

1.256 

1.248 

I . 24O 

1.229 

1.215 

1.208 

35 

1.263 

1,265 

1.269 

1.272 

1,271 

1.264 

1.254 

1.243 

1.234 

1.223 

1.218 

30 

1.260 

1.262 

1.267 

1.271 

1.271 

1.267 

1.258 

1.249 

1.240 

1,230 

1.225 

25 

1.263 

1.263 

1.264 

1.265 

1.265 

1.261 

1.256 

1.252 

1.247 

1.239 

1.233 

20 

1.263 

1.263 

1.262 

1.261 

1.258 

1.253 

1.250 

1.253 

1.254 

1.250 

1.242 

15 

1.252 

1,253 

1,257 

1.260 

1.259 

1.253 

1.251 

1.257 

1.262 

1,260 

1.252 

10 

1.233 

1.233 

1.240 

1.256 

1.264 

1.263 

1.263 

1.268 

1.272 

1.268 

1.258 

5 

1.247 

1.239 

1.224 

1,247 

1.269 

1.274 

1.276 

1.279 

1.279 

1,273 

1.261 

0 

1,256 

1.247 

1.222 

1.243 

1.274 

1.260 

1.281 

1.282 

1.281 

1.274 

1.262 

-5 

1.247 

1.238 

1.220 

1.253 

1.276 

1.279 

1.278 

1,278 

1,277 

1.270 

1.261 

-10 

1,233 

1,232 

1.243 

1.265 

1.273 

1.272 

1.269 

I . 27O 

1,270 

1.265 

1,259 

-15 

1.252 

1 . 2f5 

1.262 

1,267 

1.268 

1.264 

1.261 

1.264 

1.266 

1.263 

1.256 

-20 

1.263 

1.264 

1.265 

1.267 

1.266 

1.264 

1.264 

1.266 

1.266 

1.261 

1.252 

-25 

1.263 

1.263 

1.266 

1.270 

1.273 

1.273 

1.272 

1.270 

1.265 

1.257 

1.246 

-30 

1.260 

1.262 

1.270 

1,277 

1.281 

1,279 

1.274 

1.268 

1.261 

1.251 

1.243 

-35 

1.263 

1.267 

1.275 

1.280 

1.281 

1.276 

1.268 

1.262 

1.255 

1.246 

1.241 

-40 

1.266 

1.269 

1.273 

1 , 2'6 

1,274 

1.268 

1.261 

1.259 

1.254 

1.243 

1.236 

-45 

1.265 

1.267 

1.269 

l..:69 

1.267 

1.265 

1.264 

1.261 

1,250 

1.232 

1.224 

-50 

1.261 

1.264 

1.266 

1.269 

1,270 

1.268 

1.262 

1.248 

1.225 

1,210 

1.215 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 



b ; 

PHI 45 DIHEDRAL ANGLE 2,00 WAVELENGTH 5300 







RANGE 

CORRECTION 

( METERS ) 





50 

1.270 

1,267 

1.266 

1.264 

1.263 

1.262 

1.258 

1,250 

1.239 

1.228 

1 

.222 

45 

1.269 

1.267 

1.265 

1.263 

1,262 

1.261 

1.260 

1,255 

1,246 

1.237 

1 

.231 

40 

1.268 

1.266 

1.264 

,..262 

1.260 

1.258 

1.258 

1.256 

1.252 

1.246 

1 

.242 

35 

1.262 

1.262 

1.264 

1.265 

1.263 

1,260 

1.257 

1.257 

1.256 

1.254 

1 

.253 

30 

1,250 

1,254 

1.261 

1.265 

1.266 

1.263 

1.261 

1.261 

1.261 

1.260 

1 

.260 

25 

1.240 

1.245 

1,253 

1,259 

1.261 

1.261 

1.264 

1.267 

1.268 

1.266 

1 

.265 

20 

1.239 

1.241 

1,244 

1.247 

1.249 

1.254 

1.264 

1.272 

1.274 

1.272 

1 

,267 

15 

1.223 

1,225 

1.231 

1.236 

1.238 

1.245 

1.263 

1 . 27A 

1,277 

1,274 

1 

.269 

10 

1.192 

1.189 

1.196 

1.223 

1.238 

1.248 

1.264 

1.275 

1,277 

1,274 

1 

,270 

5 

1.239 

1.221 

1.162 

1.206 

1.250 

1.262 

1,270 

1.276 

1.276 

1.273 

1 

,271 

0 

1.257 

1.242 

1.166 

1,207 

1.260 

1.268 

1.272 

1.275 

1.274 

1,271 

1 

.272 

-5 

1.239 

1.218 

1.139 

1,227 

1.260 

1.265 

1.268 

1,272 

1 , 27 ?. 

1.271 

1 

.273 

-10 

1.192 

1.180 

1.199 

1.242 

1.256 

1.258 

1.264 

1,270 

1,272 

1.272 

1 

.273 

-15 

1.223 

1.226 

1,237 

1.246 

1.253 

1.258 

1.266 

1.273 

1.275 

1.273 

1 

.271 

-20 

1.239 

1.241 

1.246 

1,254 

1.261 

1.267 

1.274 

1.277 

1,276 

1,273 

1 

.268 

-25 

1.240 

1.243 

1.253 

1.266 

1,273 

1.276 

1.277 

1,278 

1.275 

1.270 

1 

.266 

-30 

1.250 

1.255 

1.265 

1,274 

1.277 

1,276 

1.276 

1.275 

1.273 

1.269 

1 

.266 

-35 

1.262 

1.266 

1,271 

1.275 

1.275 

1.273 

1.273 

1 . 27A 

1,273 

1.270 

1 

.267 

-40 

1.266 

1.270 

1.272 

1,273 

1.273 

1.273 

1.276 

1.278 

1.276 

1,271 

1 

.266 

-45 

1.269 

1.271 

1.273 

1,274 

1.276 

1.279 

1.281 

1.280 

1,276 

1.268 

1 

.262 

-50 

1.270 

1.272 

1,275 

1.278 

1.280 

1.282 

1.281 

1.276 

1.268 

1.259 

1 

.254 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 


50 
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Table 19. (Cent.) 


PHI A5 DIHEDRAL ANGLE 2.50 WAVELENGTH 5300 


®2 

50 

1,271 

1.267 

1.263 

RANGE 

1.261 

CORRECTION 
1.259 1.259 

IMETERS) 
1,257 1.255 

1.251 

1,250 

1.250 

A5 

1.267 

1.26A 

1.260 

1.257 

1.257 

1.258 

1.258 

1.267 

1,255 

1.255 

1.257 

AO 

1.263 

1.259 

1.25A 

1.251 

1.250 

1.252 

1,257 

1.260 

1.261 

1.263 

1.265 

35 

1.255 

1.251 

1.2A8 

1.2A7 

1.2A5 

1.2A6 

1,25a 

1.2b2 

1.267 

1,271 

1.27A 

30 

1,230 

1.233 

1.239 

1.2A5 

1.2A5 

1.2A6 

1.256 

1.266 

1,273 

1,277 

1,279 

25 

1.195 

1.20B 

1.222 

1.233 

1.238 

1.2A7 

1.262 

1.273 

1,277 

1.280 

1.281 

20 

1,207 

1.207 

1.20A 

1.203 

1.212 

1.2A3 

1.268 

1,278 

1.2T'9 

1.279 

1,278 

15 

1.202 

1.198 

1.187 

1.171 

1.172 

1.230 

1.266 

1.276 

1,276 

1.273 

1,272 

10 

1.202 

1,190 

1.161 

1.153 

1.161 

1,207 

1.251 

1.265 

1.267 

1,267 

1,267 

5 

1.251 

1.238 

1.18A 

1.159 

1.197 

1.215 

1.237 

1.252 

1,257 

1.261 

1.266 

0 

1.26A 

1.25A 

1.202 

1.181 

1.22A 

1.232 

1.238 

1.2A5 

1,250 

1.259 

1.269 

-5 

1.251 

1.235 

1.16A 

1.192 

1.229 

1.233 

1.239 

1.2A7 

1.255 

1.265 

1.273 

■10 

1.202 

1.177 

1.15A 

1.201 

1.222 

1.231 

1.2A6 

1.259 

1.267 

1,272 

1,275 

15 

1.202 

1.197 

1.196 

1.205 

1.219 

1.2A3 

1.262 

1,271 

1.27A 

1.27A 

1.27A 

■20 

1.207 

1.200 

1,197 

1.212 

1.236 

1.258 

1,271 

1.275 

1,275 

1.27A 

1.27A 

25 

1.195 

1.189 

1.209 

1.237 

1.252 

1.263 

1,271 

1.27A 

1.27A 

1.27A 

1.275 

30 

1.230 

1,233 

1.2A3 

1.252 

1.256 

1.261 

1.268 

1,273 

1.27A 

1,276 

1.277 

35 

1.255 

1.257 

1.258 

1,257 

1.256 

1.261 

1.270 

1.275 

1.277 

1.278 

1,278 

AO 

1.263 

1.265 

1.26A 

1.263 

1.26A 

1.270 

1,277 

1,279 

1,279 

1.279 

1.277 

A5 

1.267 

1,270 

1,270 

1.271 

1,27a 

1.278 

1.281 

1.281 

1.279 

1,278 

1.277 

50 

1.271 

1.273 

1,275 

1.276 

1,277 

1,279 

1,279 

1.278 

1.277 

1,277 

1,277 


0 

5 

10 

15 

20 

25 

30 

35 

AO 

A5 

50 



d: 

PHI A5 DIHEDRAL ANGLE 1.1 

50 WAVELENGTH 6943 


«2 




RANGE 

CORRECTION 

(METERS) 




50 

1.261 

1.263 

1.266 

1,270 

1,271 

1.269 

1.263 

1.251 

1.235 

1.221 

1.212 

A5 

1.260 

1.261 

1.266 

1,271 

1.273 

1.273 

1.269 

1.259 

1.245 

1.230 

1.218 

AO 

1.26A 

1.26A 

1.265 

1.268 

1,270 

1,270 

1,267 

1.260 

1.249 

1.236 

1.224 

35 

1.269 

1.269 

1.267 

1.266 

1.265 

1.264 

1.261 

1.255 

1.246 

1.237 

1.228 

30 

1.272 

1.271 

1.269 

1,267 

1.26A 

1.260 

1.255 

1.248 

1.240 

1.234 

1.229 

25 

1.270 

1.269 

1.268 

1.267 

1.265 

1.261 

1.255 

1.246 

1.238 

1.233 

1.231 

20 

1.261 

1.261 

1.262 

1.26A 

1.266 

1.265 

1.261 

1.252 

1.243 

1.238 

1.239 

15 

1.25A 

1.253 

1.253 

1,257 

1.263 

1.267 

1.266 

1.261 

1.253 

1,250 

1.252 

10 

1.259 

1.25V 

1.251 

1.2A9 

1,257 

1.267 

1.270 

1.269 

1.265 

1.264 

1.266 

5 

1.266 

1.26A 

1.255 

1.2A6 

1.251 

1.265 

1.273 

1.275 

1.274 

1.275 

1,276 

0 

1.269 

1.266 

1.258 

1.2A7 

1.249 

1.266 

1.276 

1.279 

1,279 

1,279 

1.280 

-5 

1.266 

1.26A 

1.256 

1.2A6 

1.252 

1.269 

1.278 

1.279 

1.278 

1,277 

1,277 

10 

1,259 

1.257 

1.251 

1.2A9 

1.261 

1.273 

1.278 

1,276 

1.272 

1.270 

1.270 

15 

1.25A 

1.25A 

1.25A 

1.260 

1.269 

1.275 

1.275 

1.270 

1.263 

1.259 

1.259 

20 

1.261 

1.263 

1.265 

1.269 

1.272 

1,272 

1.269 

1.262 

1.253 

1.249 

1.250 

25 

1.270 

1.270 

1.270 

l.*271 

1.270 

1.268 

1.263 

1.256 

1.249 

1.246 

1.246 

30 

1.272 

1,272 

1,270 

1,269 

1.267 

1.265 

1,262 

1.258 

1.253 

1.250 

1.248 

35 

1.269 

1.269 

1.268 

1.267 

1.268 

1.269 

1.269 

1.266 

1,261 

1.255 

1.248 

AO 

1.26A 

1.26A 

1,266 

1.269 

1,274 

1.276 

1.276 

1,272 

1.264 

1.253 

1.243 

A5 

1.260 

1.262 

1.268 

1.27A 

1.279 

1,281 

1.278 

1.270 

1.258 

1.243 

1.232 

50 

1.261 

1.26A 

1,270 

1.276 

1,278 

1.278 

1.272 

1.259 

1.240 

1.228 

1.224 
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Table 19. (Cent.) 


PHI 45 dihedral angle 2.00 WAVELENGTH 6943 


50 

1.266 

1.266 

1.267 

RANGE 

1.269 

CORRECTION 
1.270 1.268 

(METERS) 
1.263 1.257 

1.250 

1.243 

1,237 

45 

1.263 

1.264 

1.267 

1,271 

1.273 

1.272 

1.269 

1.262 

1.254 

1.247 

1.240 

40 

1.260 

1.261 

1.265 

1.269 

1.272 

1.272 

1.270 

1.264 

1.258 

1.251 

1.244 

35 

1.261 

1.262 

1.264 

1.266 

1.268 

1 .268 

1.266 

1.262 

1.258 

1.253 

1.249 

30 

1.264 

1.263 

1.263 

1.263 

1.263 

1.262 

1.260 

1.257 

1.255 

1.254 

1.253 

25 

1.262 

1.262 

1.262 

1.262 

1.261 

1.258 

1.255 

1.251 

1.251 

1.254 

1,257 

20 

1.253 

1.253 

1.255 

1.258 

1.260 

1.259 

1.256 

1.252 

1.252 

1.257 

1.262 

15 

1.236 

1.237 

1.241 

1.250 

1.258 

1.262 

1.261 

1.259 

1.260 

1.265 

1.269 

10 

1.236 

1.233 

1.227 

1.235 

1.253 

1.265 

1.269 

1.269 

1.271 

1,275 

1,277 

5 

1.251 

1.245 

1.230 

1.223 

1.247 

1.268 

1.276 

1.277 

1.279 

1.281 

1.282 

0 

1.256 

1.251 

1.233 

1.218 

1.246 

1.271 

1.279 

1.281 

1.282 

1.283 

1.283 

-5 

1.251 

1.245 

1.226 

1.220 

1.252 

1.274 

1.279 

1.280 

1.279 

1.280 

1.280 

■10 

1.236 

1.231 

1.224 

1.237 

1.262 

1.274 

1.276 

1.275 

1.274 

1.274 

1,275 

•15 
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Table 20. Centroid range correction vs. velocity aberration for various dihedral-angle offsets. The average 

flnH rms deviations are computed around a circle in the far field whose raius is the velocity aberra- 
tion listed, in microradians, in the first column. 
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Figure 14. Contour plots of the centroid range-correction matrices given in Table 19. Circles of radius 25 and 
50 jirad are shown to mark the minimum and maximum values of the velocity aberration. The S 3 on- 
bol B represents a centroid range correction minus the average centroid range correction in the 25- 
to 50-|xrad annulus equal to +2 cm; A eauals +1 cm; 0 equals 0 cm; and 1 through 8 equal -1 through 
-8 cm. a; <j) = 45% 6 = 11’5, \ = 5300 A. 
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Table 21. Half-maximum and half -area range corrections vs. velocity aberration. 
Pulse length = 0.2 nsec, <}) = 45°, X = 5300 A. 
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The variations in the half-area range correction tend to follow those in the cen- 
troid. On the other hand, the variations in the half-maximum correction are remark- 
ably small throughout the diffraction pattern, presumably because the strongest portion 
of the return comes from the closest part of the array. This is evident in Figure 12t, 
which shows the incoherent return pulse shape for a 0. 2-nsec transmitted pulse at an 
incidence angle of 45 ° on the array. 

In summary, the maximum systematic error in the range correction is probably 
on the order of 2 cm. The data presented in Figure 14 and Tables 15 and 21 can be used 
to obtain a more detailed estimate of the uncertainties that can be expected under various 
conditions. 
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11. INFRARED TRANSFER FUNCTION 

' This section gives the reflectivity and range correction for the infrared reflector I 

carried by Geos 3. The dimensions and specifications of the cube comer are given 
in Section 2, and the position and orientation, in Table 2a and Figure 5. | 

i 

Since the back faces are uncoated, the cube comer depends on total internal 

reflection. The minimum incidence angle cj). at which total internal reflection can be 

c 

lost is given by the formula | 

i 

(j)c = sin"-^ (n sin <}>p , ! 

where 

(j) ' = tan ^ -/2 - sin ^ ^ 

^c n 

The index of refraction is n = 2. 19 at 10. 6 p for Irtran-2, which gives 

d)' = 27.»57 
c 

and 

I 

<j)= sin" ^ (1.01348) . | 

c 

I 

I 

Since the sine of (}) is greater than unity, no loss of total internal reflection occurs. 

The reflectivity of the infrared reflector is plotted in Figure 15 as a function of 
the direction of the incident beam, where the angles 6 and c|> are as defined in Figure 6. 

The active reflecting area is normalized to imity at normal incidence, and the area at 
normal incidence is 10.6088 cm . The two lower curves, normalized to the center of 
the Airy disk, give the average reflectivity at 10. 6 p in the 25- to 50-prad annulus of 
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the far-field pattern. The data used to plot the reflectivity curves are listed in Table 
22. The fact that the reflectivity is not unity at normal incidence is due primarily 
to the phase changes resulting from total internal reflection at the back faces. The 
difference between the reflectivities for the two orthogonal polarizations of the incident 
beam is largely the result of reflection losses at the front face. The active reflecting 
area repeats every 60 ® in 0, while the reflectivity in the annulus repeats every 120 
in 0. For both the active reflecting area and the reflectivity in the aimulus, the value 
for 30 ° - 0 equals that for 30 ® + 0 . 

The data in Table 22 can be used to calculate signal strengths from the range 

i 

equation of Section 5. The cross section AgGg is equal to ARG^q^ g, where 

2 

A = 10. 6088 cm , 

R = reflectivity from Table 22 , 


and 

\ 

Since the Geos 3 spacecraft is triaxially stabilized, range measurements to the 
infrared reflector can be accurately related to the spacecraft center of gravity. The 
relationship of the spacecraft coordinate system to the orbital plane is given in 
Section 3. K the direction from the cube comer to the illuminating laser is given by 
a unit vector 6 in the spacecraft coordinate system and the position of the center of 
the front face of the infrared reflector is represented by the vector p, then the range 
correction to the center of gravity of the satellite is •: » 


infrared range correction - c* p - T.^ - sin^ (j) , i j- 

■( . . . ■ — ^ S'. ' 

where - - . ■i j-xav :■ ■ 

■ - .-i: ; ■ 

t! L = length of reflector (2.475 cm) , 
n = index of refraction (2. 19) , 
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Table 22. 





Average reflectivity of the infrared cube comer in the 25- to 50-|jrad 
annulus_pf the far-field diffraction pattern, first with the electric field 
vector E parallel and then perpendicular to the plane of incidence. 


PHI THFTA 30 theta 60 THETA 90 


a: E parallel to the plane of incidence 


0 

.340065 

.340065 

.340065 

5 

.292426 

.297813 

.291989 

10 

.249486 

.257633 

.247418 

15 

.211208 

.219741 

.206351 

20 

.177224 

.184329 

.168945 

25 

.147027 

•151616 

.135432 

30 

.120143 

•121852 

•106026 

35 

•096240 

.095302 

.080854 

40 

.075159 

.072183 

.059898 

45 

•056883 

.052592 

.042983 

50 

•041445 

.036564 

.029741 

55 

•0?8839 

.024023 

.019605 

60 

.018952 

•014832 

.012129 

65 

.011549 

.008563 

^006883 

70 

.006305 

.004471 

-,003442 

75 

•002862 

.001960 

.001402 

80 

.000895 

.000598 

.000387 

85 

.000101 

.000066 

.000039 


b: E perpendicular to the plane of incidence 


0 

.340065 

.340065 

.340065 

5 

•291112 

.296475 

.290676 

10 

.245002 

.253012 

.242971 

15 

.202676 

•210896 

•198016 

20 

•164520 

.171183 

•156836 

25 

.130607 

.134787 

•120308 

30 

.100904 

•102466 

.089050 

35 

.075390 

.074786 

•063341 

40 

.054071 

.052056 

•043098 

45 

.036916 

.034256 

.027902 

50 

•0?3759 

•021086 

.017057 

55 

.014245 

.011985 

.009691 

60 

•007829 

.006230 

•005016 

65 

.003849 

.002930 

.002298 

70 

.001622 

.001197 

.000888 

75 

.000538 

.000390 

.000265 

80 

•000114 

.000083 

•000050 

85 

•000008 

.000006 

.000003 
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<)) = cos”^ (-^ • u) , 

^ = unit vector in the direction of the Z axis. 

The second term accounts for the optical path length in the reflector. 

Since there is only one infrared reflector, no coherent variation of the range or 
intensity will result from interference. There is also no uncertainty as to the mean 
point of reflection, as in the case for the optical array, which has cube comers dis- 
tributed in range from the observer. Because the return pulse has the same shape as 
the incident pulse, no difference arises among different detection methods. The only 
satellite-induced range errors are those due either to uncertainties in the position of 
the reflector with respect to the center of gravity of the satellite or to the orientation 
of the spacecraft with respect to the plane of the orbit. 
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